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PREFAGE 


GUNSTREAM’S ANATOMY à PHYSIOLOGY WITH INTEGRATED 

STUDY GUIDE, Sixth Edition, is designed for smdents who are enrolled 
in a one-semester eonrse in hnman anatomy and physiology. The seope, 
organization, writing style, depth of presentation, and pedagogieal 
aspeets of the text have been tailored to meet the needs of smdents 
preparing for a eareer in one of the allied health professions. 

These smdents nsnally have diverse baekgronnds, inelnding 
limited exposure to biology and ehemistry, and this presents a for- 
midable ehallenge to the instructor. To help meet this ehallenge, this 
text is written in elear, eoneise English and simplifies the complexi- 
ties of anatomy and physiology in ways that enhanee nnderstanding 
without diluting the essential snbjeet matter. 

Themes 

There are two nnifying themes in this presentation of normal human 
anatomy and physiology: (1) the relationships between stmemre and 
fnnetion of body parts, and (2) the meehanisms of homeostasis. In 
addition, interrelationships of the organ systems are noted where 
appropriate and useful. 

Organization 

The sequence of ehapters progresses from simple to complex. The simple- 
to-complex progression is also used within eaeh ehapter. Ghapters 
eovering an organ system begin with anatomy to ensure that students 
are well prepared to nnderstand the physiology that follows. Eaeh organ 
system ehapter eonelndes with a brief eonsideration of eommon dis- 
orders that the smdent may eneonnter in the elinieal setting. An inte- 
grated smdy guide, unique among anatomy and physiology texts, is 
loeated between the text proper and the appendiees. 

Study Guide 

The Smdy Guide is a proven meehanism for enhaneing learning by 
smdents and feamres full-color line art. There is a smdy guide of four 
to nine pages for eaeh ehapter. Smdents demonstrate their under- 
standing of the ehapter by labeling diagrams and answering eomple- 
tion, matehing, and tme/false questions. The eompletion questions 
''eomper smdents to write and spell eorreetly the teehnieal terms 
that they must know. Eaeh ehapter smdy guide concludes with a few 
eritieal-thinking, short-answer essay questions where smdents apply 
their knowledge to elinieal simations. 

Answers to the Smdy Guide are inelnded in the instmetor’s 
Manual to allow the instmetor flexibility: (1) answers may be posted 
so smdents ean eheek their own responses, or (2) they may be graded 
to assess smdent progress. Either way, prompt feedbaek to smdents is 
most effeetive in maximizing learning. 

ehapter Opener and Learning Objeetives 

Eaeh ehapter begins with a list of major topies disenssed in the ehap- 
ter along with an opening vignette and image, which introdnees and 
relates the eontent theme of the ehapter. Under eaeh seetion header 
within every ehapter, the learning objeetives are noted. This informs 
smdents of the major topies to be eovered and their minimal learning 
responsibilities. 

Key Terms 

Several feamres have been ineorporated to assist smdents in learning 
the neeessary teehnieal terms that often are tronblesome for begin- 
ning smdents. 

1. A list of Seleeted Key Terms with defmitions, and inelnding 
derivations where helpfnl, is provided at the beginning of the 
ehapter to inform smdents of some of the key terms to watch 
for in the ehapter. 

2. Throughout the text, key terms are in bold or italie type for 
easy reeognition, and they are defmed at the time of first 


usage. A phonetie pronaneiation foflows for smdents who need 
help in prononneing the term. Experience has shown that 
smdents learn only terms that they ean prononnee. 

3. Keys to Medieal Terminology in appendix A explains how 
teehnieal terms are stmemred and provides a list of prefixes, 
suffixes, and root words to fnrther aid an nnderstanding of 
medieal terminology. 

Figures and Tables 

Over 350 high quality, full-color illustrations are eoordinated with the 
text to help smdents visnalize anatomieal feamres and physiologieal 
eoneepts. Tables are used throughout to summarize information in a 
way that is more easily learned by smdents. 

eiinieal Insigbt 

Numerous boxes eontaining related elinieal information are strate- 
gieally plaeed throughout the text. They serve to provide interest- 
ing and useful information related to the topie at hand. The Glinieal 
Insight boxes are identified by a medieal eross for easy reeognition. 

ebeek My llnderstanding 

Review questions at the end of major seetions ehallenge smdents to 
assess their nnderstanding before proeeeding. 

ebapter Suniniary 

The snmmary is eonveniently linked by seetion while it briefly states 
the important faets and eoneepts eovered in eaeh ehapter. 

Self-Review 

A brief quiz, eomposed of eompletion questions, aflows smdents to 
evalnate their nnderstanding of ehapter topies. Answers are provided 
in appendix B for immediate feedbaek. 

eritieal Tbinking 

Eaeh ehapter eonelndes with several eritieal thinking questions, which 
fnrther ehallenge smdents to apply their nnderstanding of key ehapter 
topies. 

ehanges in the Sixth Edition 

The sixth edition has been snbstantially improved to help beginning 
stndents nnderstand the basies of human anatomy and physiology. 
Many of the ehanges are based on reviewer feedbaek. 

Global ebanges 

• Added ehapter opening vignette and ehapter ontline. 

• Updated terminology based on Terminologia Anatomiea (TA), 
Terminologia Histologiea (TH) and Terminologia Embryologiea (TE). 

• Revised seleeted key terms lists to inelnde most relevant terms. 

• Revised learning objeetives that have been moved from the 
ehapter ontline to the beginning of major seetions. 

• Revised self-review and eritieal thinking questions. 

• Revised smdy guides to mateh ehapter eontent ehanges. 

• Updated the art throughout for a more vibrant and eonsistent 
style. 

GHAPTER I 

• Revised planes and seetions for elarity, terminology, and 
inelnsion of flongimdinal seetion” and '"eross-seetion.” 

• Updated and revised homeostasis disenssion. 

• Added fignres 1.7 and 1.8 (serous membranes), 

1.14 (positive-feedbaek meehanism), and four figures 
iflustrating negative-feedbaek meehanisms. 


GHAPTER 2 


Added Figure 2.1 eontaining the periodie table with the 
12 most abnndant elements in humans. 
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• Added eight figures illustrating ehallenging ehemieal 
eoneepts. 

• Revised and expanded ehemieal formnla disenssion. 

• Revised ehemieal bond disenssion to inelnde the differenee 
between nonpolar and polar eovalent bonds and an npdated 
deseription of hydrogen bonds. 

• Revised seetion deseribing water, solntes, and solvents, and 
their importanee in physiology. 

• Added the respiratory meehanism and renal meehanism to the 
seetion on bnffers. 

• Added deseriptions of dehydration synthesis and hydrolysis to 
the beginning of the organie eomponnd seetion. 

• IJpdated disenssion of protein strnemre to inelnde primary 
throngh quaternary levels of stmemre. 

eHAPTER 3 

• Revised the definitions of eytoplasm, osmosis, hypertonie 
solntion, hypotonie solntion, and isotonie solntion. 

• Added the definitions of eytosol, simple diffnsion, faeilitated 
diffnsion, ehannel-mediated diffnsion, earrier-mediated 
diffnsion, and faeilitated transport. 

• Modified all the fignres foensing on eell stmemre and 
transport meehanisms aeross plasma membranes. 

• Added fignres 3.10 (diffnsion), 3.13 (earrier-mediated aetive 
transport), and 3.14b (exocytosis). 

• Revised the paragraph on earrier-mediated aetive transport. 

eHAPTER 4 

• Added fignres 4.1 (epithelial eell shapes) and 4.2 (elassifieation 
of epithelial tissnes based on number of eell layers). 

• Revised the eonneetive tissue seetion of the ehapter to 
inelnde loose eonneetive tissnes (areolar, adipose, and 
retienlar) and dense eonneetive tissnes (dense regnlar, dense 
irregnlar, and elastie), with new fignres demonstrating 
retienlar, dense irregnlar, and elastie eonneetive tissnes. 

• Removed Tables 4.1 throngh 4.3 beeanse of rednndaney with 
ehapter text and expanded figure legends. 

• Added figure 4.24 on body membranes. 

eHAPTER 5 

• Added a disenssion of the organization of the epidermis 
that inelndes all five layers of the epidermis and npdated 
information on the eell death oeenrring within the epidermis. 

• IJpdated temperamre regnlation hmetion of the skin to 
refleet the adjnstments in blood flow within the skin as the 
primary methods of eooling the body and eonserving heat. 

• Revised disenssion on melanoeytes to provide a better 
deseription of melanoeyte distribntion and faetors affeeting 
rates of melanin prodnetion. 

• Added fignres 5.2 (illnstrating the organization of the 
epidermis), 5.3 (eomparison of thin and thiek skin), and 5.4 
(illnstrating epidermal ridges forming the fingerprint pattern). 

• IJpdated the eeerine sweat gland disenssion to inelnde its 
proteetive abilities. 

eHAPTER 6 

• Modified all the fignres of long bone stmemres, axial skeleton, 
and appendienlar skeleton. 

• Added fignres 6.1 (basie types of bones), 6.7 (snrfaee feamres 
of bones), 6.8b (snperior view of skull), 6.12b (superior 
view of skull floor), 6.13 (hyoid bone), 6.16 (general 
stmemre of vertebrae), 6.17c (artienlation between atlas 
and axis), 6.19b (artienlation between a rib and a vertebra), 
6.22 (male and female pelves), 6.24 (types of joints), 

6.25 (types of freely movable joints.), 6.26 (eommon 


movements at freely movable joints), 6.28 (herniated dise), 
and 6.29 (abnormal spinal curvatures). 

• Added the images of eleft palate, eleft lip, and hip joint 
prosthesis to the dinieal Insight boxes. 

• Revised the seetion on endoehondral ossifieation and the 
seetion on freely movable joints. 

eHAPTER 7 

• Revised disenssion of the eonneetive tissnes assoeiated with 
mnseles for elarity and aeenraey. 

• Expanded disenssion of myofilament stmemre to elarify the 
ehanges that occur during muscle eontraetion. 

• IJpdated disenssion on the meehanism of eontraetion and 
inelnded a nnmbered list of steps that is integrated with a 
new figure 7.6 of the eontraetion eyele and sliding filament 
model. 

• IJpdated figure 7.7 on energy sonrees so that it better matehes 
the ehemistry in ehapter 2. 

• Added fignres 7.10 (motor units) and 7.11 (origins and 
insertions). 

eHAPTER 8 

• Added seetion on the Membrane Potential, which deseribes 
the resting membrane potential, why it exists, and the role of 
the NaVK^ pump in maintaining it. 

• Added fignres 8.7 (resting membrane potential and NaV 

pump) and 8.8 (steps involved in depolarization and 
repolarization). 

• Revised the seetion on Nerve Impnlse Formation and 
Repolarization to improve anatomieal and physiologieal aeenraey, 
inelnding the actual voltage ehanges that occur during eaeh 
proeess. 

• Added a seetion on the hypothalamns, which inelndes the 
pineal gland and the hormone melatonin. 

• Added a paragraph deseribing the fnnetions of eerebrospinal 
fluid. 

• Added the four major branehes of a spinal nerve and what they 
innervate to improve the nnderstanding of how the anterior 
rami either form plexuses or intereostal nerves. 

eHAPTER 9 

• Added Tressnre, Touch, and Streteh” seetion that foenses on 
the varions types of meehanoreeeptors. Reeeptors inelnded 
in this seetion are lamellated eorpnseles, free nerve endings, 
hair root plexuses, taetile corpuscles, taetile dises and taetile 
eells, baroreeeptors, and proprioeeptors (muscle spindles and 
tendon organs). 

• Added a seetion on ehemoreeeptors. 

• Added a paragraph disenssing the number of different 
olfaetory reeeptors in humans, the average number of odors 
deteetable by a human, gender differenees in odor deteetion, 
olfaetory training, the effeets of age on odor deteetion, the 
deteetion of human pheromones, and olfaetory epithelinm 
regeneration. 

• Added a disenssion of eommon disorders assoeiated with the 
senses of taste and smell. 

• Added a dinieal Insight box on Age-Related Maenlar 
Degeneration with fignres. 

eHAPTER 10 

• Added fignres 10.1 (exocrine and endoerine seeretions), 

10.2 (meehanisms of ehemieal signaling), 10.6 (eontrol of 
hormone seeretions), 10.7 (pimitary gland hormones and their 
target organs), 10.10 (hormonal eontrol of blood ealeinm 
levels), and 10.13 (hormonal eontrol of blood glneose levels). 
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• Greated figure 10.4 with numbered steps by eombining 
fignres depieting steroid versus non-steroid meehanisms of 
aetion from previons edition. 

• Revised and reorganized seetion on eontrol of hormone 
seeretion. 

• Revised seetion on the role of parathyroid hormone in 
eontrolling blood ealeinm levels, inelnding the addition of 
the aetions of vitamin D. 

eHAPTER II 

• Revised fignres 11.3 (regnlation of erythropoiesis), 

11.4 (development of formed elements), and 

11.10 (eompatibility of blood types). 

• Added fignres 11.Ib (blood smear), 11.6 (hemostasis), and 
11.9 (HDN). 

• Added dinieal Insight boxes on janndiee, HDL, and LDL. 

• Revised the paragraphs on platelets, globnlins, nitrogenons 
wastes, general disenssion of blood types, and ABO blood 
group. 

• Added a seetion of Xompatibility of Blood Types for 
Transfnsions.” 

eHAPTER 12 

• Revised fignres 12.7 (systemie and pnlmonary eirenits), 

12.11 (neural eontrol of heart), 12.15 (systemie blood 
pressnre), and 12.17 (loeations of pulse). 

• Added figures 12.12c (eapillary wall), 12.18b (arteries of thoraeie 
eage), 12.23 (veins of thoraeie eage), 12.24a (veins of hepatie 
portal system), and 12.24b (veins of abdominopelvie eavity). 

• Revised the definitions of eardiae eyele, systole, diastole, 
stroke volume, and blood pressnre. 

• Revised the disenssion of antonomie regnlation of heart to 
inelnde sensory information reeeived from ehemoreeeptors. 

• Revised the deseriptions of the strnemre of eapillaries, faetors 
affeeting blood pressnre, and hepatie portal system. 

• Moved 'Tlow of Blood Throngh the Heart” and ''Blood Supply 
to the Heart” to the '"Anatomy of Heart” seetion. 

eHAPTER 13 

• Revised the first half of the ehapter into a new seetion ealled 
'Tymph and Lymphatie Vessels”, which inelndes information 
from the 'Tymph,” 'Tymphatie Gapillaries and Vessels,” and 
'Transport of Lymph” seetions in the previons edition." 

• Revised disenssion of lymphoid organs to differentiate primary 
and seeondary lymphoid organs. 

• LJpdated the fnnetions of ehemieal defenses to inelnde 
eomplement fixation. 

• Improved the aeenraey and progression in figure 13.8 showing 
the development of lymphoeytes. 

• Dpdated the Types of Immnnity” seetion to better define the 
types and inelnde more relevant examples. 

eHAPTER 14 

• Revised fignres 14.1 (organization of respiratory system and 
upper respiratory traet), 14.4 (lower respiratory traet), 

14.5 (bronehioles and alveoli), 14.7 (meehanisms of breathing), 
and 14.9 (eontrol of respiration). 

• Added fignres 14.6 (respiratory mnseles) and 14.11 (exchange 
and transport of and GO^). 

• Revised the definitions of external respiration, internal 
respiration, upper respiratory traet, lower respiratory traet, 
and bronehial tree. 

• Revised the deseriptions of meehanism of inspiration and the 
ehemieal faetors inflneneing breathing. 

• Added a paragraph on irritant reflexes. 


eHAPTER 15 

• Revised Ttrnemre” of the stomaeh seetion to inelnde the 
anatomie speeializations of the stomaeh that aeeommodate 
the unique fìanetions of the stomaeh. 

• Dpdated the deseription of lipid absorption in the small 
intestine for eontent aeenraey. 

• Added figure 15.17 to demonstrate the revised deseription of 
lipid absorption in the small intestine. 

• Dpdated text to refleet that the eellnlar respiration of one 
moleenle of glneose yields between 36-38 ATP. The text revision 
explains that eleetron transport ehain ean yield between 32 to 
34 ATP, depending upon the eell in which it occurs. 

• Added a seetion entitled '"My Plate: A Visual Guide to Healthy 
Eating,” with eorresponding My Plate figure. 

eHAPTER 16 

• Reordered and revised disenssion of the fnnetions of the 
nrinary system as the first seetion in the ehapter. 

• Revised the urine formation disenssion to inelnde four steps: 
glomerular filtration, tubular reabsorption, tubular seeretion, 
and water eonservation. 

• Revised figure 16.8 on proximal eonvolnted tubule fìanetions 
to inelnde both reabsorption and seeretion. 

• Added figure 16.9 summarizing the fnnetions of the nephron 
loop, DCT, and eolleeting duct, including hormonal eontrols. 

• Expanded the aeid-base balanee seetion to inelnde respiratory 
and renal meehanisms. 

eHAPTER 17 

• Revised fignres 17.2 (testis and spermatogenesis), 17.4a (sperm), 

17.6 (hormonal eontrol of spermatogenesis and testosterone 
seeretion), and 17.8b (ovarian follienlar development). 

• Added fignres 17.5 (male reprodnetive organs), 17.8a (ovary), 
17.13 (hormonal eontrol of the ovarian eyele), and 17.15a 
(eervieal eap). 

• Added the defmitions of ovarian follieles, grannlosa eells, and 
tertiary ovarian follieles. 

• Revised the definitions of primary, seeondary, and mature 
ovarian follieles. 

• Revised the deseriptions of the hormonal eontrol of reprodnetion 
in males and females, oogenesis, and the female sexual response. 

• Added the disenssions of random alignment of homologons 
ehromosomes and reeombination in spermatogenesis and 
oogenesis, bulbs of vestibule, benign prostatie hyperplasia, 
prostate eaneer, and testienlar eaneer. 

eHAPTER 18 

• Moved the Hormonal Gontrol of Pregnaney to follow Fetal 
Development. 

• Added additional strnemres formed by the eetoderm, 
mesoderm, and endoderm to Table 18.1. 

• Dpdated the fnnetions of the hormone relaxin to mateh what 
is known in humans. 

• Revised the detailed deseription of the nenroendoerine 
positive-feedbaek meehanism promoting labor eontraetions for 
elarity and flow. 

• Revised the eiinieal Insight box on oxytocin to inelnde 
Pitoein and its elinieal uses. 

• Dpdated the inheritanee seetion of the text to inelnde new 
seetions on ineomplete Dominanee, Godominanee, and 
Polygenie inheritanee. 

• Reorganized the inheritanee seetion to improve eontent 
flow by plaeing the X-Linked Traits seetion and Table 18.5 
immediately after polygenie inheritanee. 

• Removed several eiinieal Insight boxes. 
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Miehael, a freshman in eollege, overslept and is late for his first anatomy 
and physiology elass. He has been dreading this elass but it is neeessary 
for his graduation requirements. Because he does not want to get off to a 
bad start, he sprints aeross campus. The eombination of the warm day and 
physieal exertion raises his body temperature and, as he throws himself into 
the nearest seat, sweat is pouring out aeross his body. Miehael begins to 
feel eooler as he relaxes and he stops sweating within a few minutes. As his 
first lecture begins, he is introduced to the eoneept of homeostasis, which 
deseribes the eondition of balanee within the body, and the feedbaek eyeles 
responsible for maintaining his internal “normal.” He thinks about his morning, 
the sweat that eooled his body, and realizes just how amazing the human 
body really is. What a great semester this is going to bel 
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ehapter 1 Introduction to the Human Body 


SELEGTED KEY TERMS 


Anatomy (ana = apart; tom = to 
cut) The study of the structure of 
living organisms. 

Appendienlar (append = to hang) 
Pertaining to the upper and lower 
limbs. 

Axial (ax = axis) Pertaining to the 
longimdinal axis of the body. 

Body region (regio = bonndary) 

A portion of the body with a 
speeial identifying name. 
Direetional term (direetio = aet of 
gniding) A term that referenees how 
the position of a body part relates to 
the position of another body part. 
Effeetor (efet = result) A structure 
that fìanetions by performing 
an aetion that is direeted by an 
integrating eenter. 

Homeostasis (homeo = same; 
sta = make stand or stop) 


Maintenanee of a relatively stable 
internal environment. 

Integrating eenter (integrams = 
make whole) A stmemre that 
fnnetions to interpret information 
and eoordinate a response. 
Metabolism (metabole = ehange) 
The sum of the ehemieal reaetions 
in the body. 

Parietal (paries = wall) Pertaining 
to the wall of a body eavity. 
Perieardinm (peri = around; 
eardi = heart) The membrane 
surrounding the heart. 
Peritonenm (peri = around; 
ton = to streteh) The membrane 
lining the abdominal eavity and 
eovering the abdominal organs. 
Physiology (physio = namre; 
logy = smdy of) The smdy of the 
fnnetioning of living organisms. 


Plane (planum = flat surface) 
Imaginary two-dimensional flat 
snrfaee that marks the direetion 
of a cut through a structure. 

Plenra (pleura = rib) The 
membrane lining the thoraeie 
eavity and eovering the lungs. 
Reeeptor (reeipere = reeeive) 

A stmemre that fnnetions to 
eolleet information. 

Seetion (seetio = entting) A flat 
snrfaee of the body prodneed by 
a cut through a plane of the body. 
Serons membrane (semm = 
watery fluid; membrana = thin layer 
of tissue) A two-layered membrane 
that lines body eavities and eovers 
the internal organs. 

Viseeral (viscus = internal 
organ) Pertaining to organs in 
a body eavity. 


YOLI ARE BEGINNING a faseinating and ehallenging 
smdy-the smdy of the human body. As you progress 
through this text, you will begin to nnderstand the eom- 
plex stmetnres and fnnetions of the human organism. 

This first ehapter provides an overview of the human 
body to build a foundation of knowledge that is neeessary 
for your continued smdy. Like the ehapters that follow, 
this ehapter introduces a number of new terms for you to 
learn. It is important that you start to build a vocabulary 
of teehnieal terms and eontinne to develop it throughout 
your smdy. This vocabulary will help you reaeh your goal 
of understanding human anatomy and physiology. 

1.1 Anatomy and Physiology 

Learning Objeetive 

1. Define anatomy and physiology. 

Knowledge of the human organism is obtained primarily 
from two seientifie diseiplines-anatomy and physiology- 
and eaeh eonsists of a number of subdisciplines. 

Human anatomy (ah-nat'-b-me) is the study of the 
structure and organization of the body and the smdy of 
the relationships of body parts to one another. There are 
two snbdivisions of anatomy. Gross anatomy involves the 
disseetion and examination of varions parts of the body 
without magnifying lenses. Mieroanatomy, also known as 
histology, eonsists of the examination of tissnes and eells 
with varions magnifieation techniques. 


Human physiology (fiz-e-oT-b-je) is the smdy of the 
fnnetion of the body and its parts. Physiology involves 
observation and experimentation, and it usually requires 
the use of speeialized equipment and materials. 

In your 

that there is always a definite relationship between the 
anatomy and physiology of the body and body parts. 
Just as the structure of a knife is well suited for cut- 
ting, the stmemre (anatomy) of a body part enables it 
to perform speeifie fnnetions (physiology). For example, 
the arrangement of bones, mnseles, and nerves in your 
hands enables the grasping of large objeets with eonsid- 
erable foree and also the delieate manipnlation of small 
objeets. Gorrelating the relationship between stmemre 
and fnnetion will make your smdy of the human 
much easier. 

1.2 Levels of Organization 

Learning Objeetives 

2. Deseribe the levels of organization in the human body. 

3. List the major organs and functions for eaeh organ 
system. 

The human body is complex, so it is not snrprising that 
there are several levels of stmemral organization, as shown 
in figure 1.1. The levels of organization from simplest to 
most complex are ehemieal, eellnlar, tissue, organ, organ 
system, and organismal (the body as a whole). 



smdy of the human body, you will see 
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Figure 1.1 Six levels of organization in the human body range from ehemieal (simplest) to organismal (most complex). 


ehemieal Level 

The ehemieal level eonsists of atoms, moleeales, and 
maeromoleeales. At the simplest level, the body is eom- 
posed of ehemieal snbstanees that are formed of atoms 
and moleenles. Atoms are the fnndamental bnilding bloeks 
of ehemieals, and atoms eombine in speeifie ways to form 
moleeales. Some moleenles are very small, such as water 
molecules, but others may be very large, such as the mae- 
romolecules of proteins. Varions small and large moleenles 
are gronped together to form organelles. An organelle 
(or"-ga-nel') is a mieroseopie subunit of a eell, somewhat 
like a tiny organ, that earries out speeifie functions within 
a eell. Nuclei, mitoehondria, and ribosomes are examples. 

Cellular Level 

Cells are the basie structural and fnnetional units of the 
body beeanse all of the proeesses of life occur within eells. 
A eell is the lowest level of organization that is alive. The 
human body is eomposed of trillions of eells and many 
different types of eells, such as muscle eells, blood eells, 
and nerve eells. Eaeh type of eell has a unique structure 
that enables it to perform speeifie fnnetions. 


Tissue Level 

Similar types of eells are usually grouped together in the 
body to form a tissue. Eaeh body tissue eonsists of an 
aggregation of similar eells that perform similar fnnetions. 
There are four major elasses of tissues in the body: epithe- 
lial, eonneetive, muscle, and nervons tissnes. 

Organ Level 

Eaeh organ of the body is eomposed of two or more 
tissnes that work together, enabling the organ to perform 
its speeifie fnnetions. The body eontains numerous organs, 
and eaeh has a definite form and fnnetion. The stomaeh, 
heart, brain, and even bones are examples of organs. 

Organ System Level 

The organs of the body are arranged in fnnetional groups 
so that their independent fnnetions are eoordinated to 
perform speeifie system fnnetions. These eoordinated, 
fnnetional groups are ealled organ systems. The diges- 
tive and nervons systems are examples of organ systems. 
Most organs belong to a single organ system, but a few 
organs are assigned to more than one organ system. For 
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lntegumentary system 

eomponents: skin, hair, naiis, and 
assoeiated giands 

Fanetions: proteets underiying tissues 
and heips reguiate body temperature 


Skeletal system 

Oomponents: bones, iigaments, 
and assoeiated eartiiages 
Fanetions: supports the body, 
proteets vitai organs, stores min- 
erais, and produces formed eiements 


Muscular system 

Oomponents: skeietai muscies 
Fanetions: moves the body and 
body parts and produces heat 


Figure 1.2 The 11 Organ Systems of the Body. 


example, the panereas belongs to both the digestive 
and endoerine systems. 

Fignre 1.2 illnstrates the 11 organ systems of the 
hnman body and lists the major eomponents and fnnetions 
for eaeh system. Althongh eaeh organ system has its own 
unique fìanetions, all organ systems are interdependent on 
one another. For example, all organ systems rely on the 
eardiovasenlar system to transport materials to and from 
their eells. Organ systems work together to enable the 
fnnetioning of the human body. 


Organismal Level 

The highest organizational level dealing with an individ- 
ual is the organismal level, the human organism as a whole. 
It is eomposed of all of the interaeting organ systems. All 
of the organizational levels from ehemieals to organ sys- 
tems eontribnte to the fnnetioning of the entire body. 



eheek 



IJnderstanding 



1. What are the organizational levels of the human 
body? 

2. What are the major organs and general fnnetions 
of eaeh organ system? 

V___ J 




Respiratory system 

Oomponents: nose, pharynx, larynx, 
traehea, bronehi, and lungs 
Fanetions: exchanges and GO^ 
betvveen air and biood in the iungs, 
pH reguiation, and sound production 


Cardiovascular system 

Oomponents: biood, heart, 
arteries, veins, and eapiiiaries 
Fanetions: transports heat and 
materiais to and from the body eeiis 
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Lymphoid system 


Drinary system 


Endoerine system 


Oomponents: lymph, lymphatie vessels, 
and lymphoid organs and tissues 
Fanetions: eolleets and eleanses 
interstitial fluid, and returns it to 
the blood; provides immunity 


Oomponents: kidneys, ureters, 
urinary bladder, and urethra 
Fanetions: regulates volume and 
eomposition of blood by forming 
and excreting urine 


Oomponents: hormone-producing glands, 
such as the pituitary and thyroid glands 
Fanetions: seeretes hormones 
that regulate body functions 



Nervous system 


Oomponents: brain, spinal eord, 
nerves, and sensory reeeptors 
Fanetions: rapidly eoordinates 
body functions and enables learning 
and memory 



Digestive system 


Oomponents: mouth, pharynx, 
esophagus, stomaeh, intestines, 
liver, panereas, gallbladder, and 
assoeiated structures 
Fanetions: digests food and absorbs 
nutrients 



Maie reproductive system 

Oomponents: testes, epididymides, 
vasa deferentia, prostate gland, 
bulbo-urethral glands, seminal 
vesieles, and penis 
Fanetions: produces sperm and 
transmits them into the female 
vagina during sexual intercourse 





Femaie reproductive system 

Oomponents: ovaries, uterine 
tubes, uterus, vagina, and vulva 
Fanetions: produces ooeytes, reeeives 
sperm, provides intrauterine 
development of offspring, and 
enables birth of an infant 
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1.3 Direetional Terms 

Learning Objeetive 

4. Llse direetional terms to deseribe the loeations of 
body parts. 

Direetional terms are used to deseribe the relative 
position of a body part in relationship to another body 
part. The use of these terms eonveys a preeise meaning 
enabling the listener or reader to loeate the body part of 
interest. It is always assnmed that the body is in a stan- 
dard position, the anatomieal position, in which the body is 
standing npright with upper limbs at the sides and palms 
of the hands faeing forward, as in figure 1.3. Direetional 
terms occur in pairs, and the members of eaeh pair have 
opposite meanings, as noted in table 1.1. 

1.4 Body Regìons 

Learning Objeetive 

5. Loeate the major body regions on a ehart or anatomieal 
model. 


The human body eonsists of an axìal (ak-sé-al) portion, 
the head, neek, and trunk, and an appendìenlar (ap-pen- 
dik'-u-lar) portion, the upper and lower limbs and their 
girdles. Eaeh of these major portions of the body is 
divided into regions with speeial names to faeilitate eom- 
mnnieation and to aid in loeating body eomponents. 

The major body regions are listed in tables 1.2 and 
1.3 to allow easy eorrelation with figure 1.4, which shows 
the loeations of the major regions of the body. Take time 
to learn the names, pronnneiations, and loeations of the 
body regions. 

1.5 Body Planes and Seetions 

Learning Objeetive 

6. Deseribe the four planes used in making seetions of 
the body or body parts. 

In smdying the body or organs, you often will be observing 
the flat snrfaee of a seetion that has been prodneed by a cut 
through the body or a body part. Such seetions are made 
along speeifie planes. These well-defined planes-transverse. 


Distal 



ProKimal 


Distal 


ProKimal 



Superior 


Inferior 



Anterior 

< - 

(Ventral) 




Superior 


Posterior 

- > 

(Dorsal) 


Inferior 




ProKimal 


Distal 



Figure 1.3 Anatomieal Position and Direetional Terms. 
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Table 1.1 Direetional Terms 


Term 

Meaning 

Example 

Anterior (ventral) 

Tovvard the front or abdominal surface 
ofthe body 

The abdomen is anterior to the baek. 

Posterior (dorsal) 

Tovvard the baek of the body 

The spine is posterior to the faee. 

Soperior (eephalie) 

Tovvard the top/head 

The nose is superior to the mouth. 

Inferior (caudal) 

Avvay from the top/head 

The navel is inferior to the nipples. 

Medial 

Tovvard the midline of the body 

The breastbone is medial to the nipples. 

Lateral 

Avvay from the midline of the body 

The ears are lateral to the eheeks. 

Parietal 

Pertaining to the outer boundary of 
body eavities 

The parietal pleura lines the pleural 
eavity. 

Viseeral 

Pertaining to the internal organs 

The viseeral pleura eovers the lung. 

Superficial (external) 

Tovvard or on the body surface 

The skin is superficial to the muscles. 

Deep (internal) 

Avvay from the body surface 

The intestines are deep to the 
abdominal muscles. 

Proxiinal 

eioser to the beginning 

The elbovv is proximal to the vvrist. 

Distal 

Farther from the beginning 

The hand is distal to the vvrist. 

Gentral 

At or near the eenter of the body or 
organ 

The eentral nervous system is in the 
middle ofthe body. 

Peripheral 

External to or avvay from the eenter 
of the body or organ 

The peripheral nervous system extends 
avvay from the eentral nervous system. 


Table 1.2 Major Regions of the Head, Neek, and Trunk 


Region 

Head and Neek 

Anterior Trank 

Posterìor Trunk 

Lateral Trunk 

Buccal (bu-kal) 

Abdominal (ab-dom'-i-nal) 

Dorsum (dor'-sum) 

Axillary (ak'-sil-lary) 

Gephalie (se-fal'-ik) 

Abdominopelvie (ab-dom-i-nò-pel'-vik) 

Gluteal (glu'-tè-al) 

Coxal (kok'-sal) 

Gervieal (ser'-vi-kal) 

lnguinal (ing'-gvvi-nal) 

Lumbar (lum'-bar) 

Inferìor Trunk 

Granial (kra'-nè-al) 

Peetoral (pek'-tòr-al) 

Saeral (sak'-ral) 

Genital (jen'-i-tal) 

Faeial (fa'-shal) 

Pelvie (pel'-vik) 

Vertebral (ver-tè'-bral) 

Perineal (per-i-nè'-al) 

Nasal (na-zel) 

Sternal (ster'-nal) 



Oral (or-al) 

LJmbilieal (um-bil'-i-kal) 



Orbital (or-bit-al) 




Otie (o-tie) 





Table 1.3 Major Regions of the Limbs 


Region 

Upper Limb 

Digital (di'-ji-tal) 

Femoral (fem'-òr-al) 

Antebraehial (an-tè-bra'-kè-al) 

Oleeranal (ò-lèk'-ran-al) 

Patellar (pa-tel'-lar) 

Antecubital (an-tè-ku-bi-tal) 

Palmar (pal'-mar) 

Pedal (pe'-dal) 

Braehial (bra'-kè-al) 

Lower Llmb 

Plantar (plan'-tar) 

Garpal (kar'-pal) 

Crural (kru'-ral) 

Popliteal (pop-li-tè'-al) 

Deltoid (del-tòid) 

Digital (di'-Ji-tal) 

Sural (su'-ral) 
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Orbital (eye) 
Otie (ear) 
Nasal (nose) 
Buccal (eheek) 

Oral (nnouth) 

Deltoid 

(shoulder) 

Axillary 

(armpit) 

Braehial 

(arm) 

Antecubital 
(front of elbow) 


Oranial 


Faeial 


Abdominal 

(abdomen) 

Antebraehial 

(forearm) 

Oarpal (wrist) 
Palmar (palm) 
Digital (finger) 


Genital 

(reproductive 



Patellar 
(front of knee) 


Tarsal (ankle) 


Oervieal 
(neek) 

Peetoral 

(ehest) 


Sternal 



Oephalie 

(head) 


Dmbilieal 

(navel) 


Digital (toe) 



Coxal (hip) 

lnguinal (groin) 

Pubic (above 
genitalia) 


Sural (ealf) 


Crural (leg) 


Vertebral 

(spinal 

column) 

Scapular 
(shoulder blade) 

Braehial (arm) 

Dorsum (baek) 

Oleeranal 
(posterior of 
elbow) 

Lumbar 
(lower baek) 

Saeral 

(between 

hips) 


Gluteal 

(buttocks) 


Perineal (between 
genitals and anus) 

Femoral 


Popliteal 
(baek of knee) 


Pedal (foot) 


Plantar (sole) 


Figure 1.4 Major Regions of the Body. 


sagittal, and frontal planes-lie at right angles to eaeh other 
as shown in fignre 1.5. It is important to nnderstand the 
namre of the plane along which a seetion was made in order 
to nnderstand the three-dimensional strnemre of an objeet 
being observed. 

Transverse, or horizontal, planes divide the body 
into snperior and inferior portions and are perpendienlar 
to the longitndinal axis of the body. 

Sagìttal planes divide the body into right and left 
portions and are parallel to the longimdinal axis of the 
body. A medìan (midsagittal) plane passes throngh the 
midline of the body and divides the body into equal left 


and right halves. A parasagìttal plane does not pass 
through the midline of the body. 

Frontal (eoronal) planes divide the body into 
anterior and posterior portions. These planes are perpen- 
dienlar to sagittal planes and parallel to the longimdinal 
axis of the body. 

Cuts made through sagittal and frontal planes, which 
are parallel to the longimdinal axis of the body, prodnee 
longimdinal seetions. However, the term longimdinal seetion 
also refers to a seetion made throngh the longimdinal axis 
of an individnal organ, tissue, or other structure. Similarly, 
cuts made through the transverse plane prodnee eross 
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Median 

(midsagittal) 

plane 


Frontal 

(eoronal) 

plane 



Parasagittal 

plane 


Transverse 

(horizontal) 

plane 


Transverse 

(horizontal) 

plane 


Figure 1.5 Anatomieal Planes of Referenee. 



seetions of the body and ean also be prodneed in organs 
and tissnes when entting at a 90° angle to the longimdinal 
axis. Oblique seetions are ereated when cuts are made in 
between the longimdinal and eross-seetional axes. 



eheek 



IJnderstanding 


3. How do sagittal, transverse, and frontal planes 
differ from one another? 



J 


1.6 Body Cavities 

Learning Objeetives 

7. Name the two major body eavities, their subdivisions 
and membranes. 

8. Loeate the body eavities, their subdivisions and 
membranes on a diagram. 

9. Name the organs loeated in eaeh body eavity. 

There are two major eavities of the body that eontain 
internal organs: the dorsal (posterior) and ventral (anterior) 


eavities. The body eavities proteet and cushion the eon- 
tained organs and permit ehanges in their size and shape 
without impaeting surrounding tissnes. Note the loeations 
and snbdivisions of these eavities in figure 1.6. 

The dorsal eavity is subdivided into the eranìal 
eavity, which houses the brain, and the vertebral eanal, 
which eontains the spinal eord. Note in figure 1.6 how the 
eranial bones and the vertebral column form the walls of the 
dorsal eavity and provide proteetion for these delieate organs. 

The ventral eavity is divided by the diaphragm, a 
thin dome-shaped sheet of muscle, into a snperior thoraeie 
eavity and an inferior abdominopelvie eavity. The tho- 
raeie eavity is proteeted by the rib eage and eontains the 
heart and lungs. The abdominopelvie eavity is snbdivided 
into a snperior abdominal eavity and an inferior pelvie 
eavity, but there is no stmemral separation between 
them. To visnalize the separation, imagine a transverse 
plane passing throngh the body just superior to the pel- 
vis. The abdominal eavity eontains the stomaeh, intestines, 
liver, gallbladder, panereas, spleen, and kidneys. The pelvie 
eavity eontains the nrinary bladder, sigmoid eolon, reemm, 
and internal reprodnetive organs. 
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eranial 

eavity 

- Dorsal 
eavity 

Vertebral 

eanal 


Pleural 

eavity 

-Thoraeie 
Perieardial eavity 
eavity 


Diaphragm 


- Ventral 
eavity 


Abdominal 

eavity 


Pelvie 

eavity 


- Abdominopelvie 
eavity 


Granial 


Vertebral 

eanal 



Pleural 

eavity 


Perieardial 

eavity 


Diaphragm 


Abdominal 

eavity 


Pelvie 

eavity 


Pleural 

eavity 



Spinal eord in 
vertebral eanal 

Mediastinum 

Pleura 

Heart in 

perieardial 

eavity 


Figure 1.6 Body Gavities and Their Subdivisions. 

(a) Sagittal seetion. (b) Frontal seetion. (e) Transverse seetion through the thoraeie eavity. ISPIB] 



eheek 



Understandinq 



4. VVhat organs are loeated in eaeh subdivision of 
the dorsal eavity? 

5. VVhat organs are loeated in eaeh subdivision of 
the ventral eavity? 

V___y 


Dorsal Cavity Membranes 

The dorsal eavity is lined by three layers of proteetive 
membranes that are eolleetively ealled the meninges 
(me-nin'-jéz; singnlar, meninx). The most snperfieial mem- 
brane is attaehed to the wall of the dorsal eavity, and the 
deepest membrane tightly envelops the brain and spinal 
eord. The meninges will be eovered in ehapter 8. 


Membranes of Bedy Cavities 

The membranes lining body eavities snpport and proteet 
the internal organs in the eavities. 


Ventral Cavity Membranes 

The ventral body eavity organs are snpported and protee- 
ted by serosae (singnlar, serosd), or serous membranes. 
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Physieians use eertain types of diagnostie imaging 
systems, for exampie, eompaterìzed tomography 
(CT), magnetìe resonanee ìmagìng (MRI), and posì- 
tron emission tomogrophy (PET), to produce images 
of seetions of the body to heip them diagnose dis- 
orders. in computerized tomography, an X-ray emit- 
ter and an X-ray deteetor rotate around the patient 
so that the X-ray beam passes through the body 
from hundreds of different angies. X-rays eoiieeted 




by the deteetor are then proeessed by a computer to 
produce seetionai images on a sereen for vievving by a 
radioiogist. A good understanding of seetionai anatomy 
is required to interpret CT seans. Transverse seetions, 
such as the image on the ieft, are aivvays shovvn in the 
same vvay. Gonvention is to use supine (faee up), infe- 
rior vievvs as if iooking up at the seetion from the foot 
of the patient’s bed. What structures ean you identify in 
the CT image shovvn on the right? 


The serous membranes are thin layers of tissue that line 
the body eavity and eover the internal organs. Serous 
membranes have a superficial parietal (pah-rT'-e-tal) layer 
that lines the eavity and a deep viseeral (vis'-er-al) layer 
that eovers the organ. The parietal and viseeral layers 
seerete a vvatery lubricating fluid that is generieally ealled 
serons flaid into the eavity formed between the layers. 
This arrangement is similar to that of a fist pushed into a 
balloon (figure 1.7). The serous membranes of the body are 
the pleura, pericardium, and peritoneum. 

The serous membranes lining the thoraeie eavity are 
ealled pleurae (singular, plenrd), or pleural membranes. 
The walls of the left and right portions of the thoraeie eav- 
ity are lined by the parietal plearae. The surfaces of the 
lungs are eovered by the viseeral plearae. The parietal and 
viseeral pleurae are separated by a thin film of serous fluid 
ealled pleural fluid, which reduces frietion as the pleu- 
rae rub against eaeh other as the lungs expand and eon- 
traet during breathing. The potential spaee (not an aemal 
spaee) between the parietal and viseeral pleurae is known 
as the pleural eavity. 

The left and right portions of the thoraeie eavity 
are divided by a membranous partition, the mediastinam 


(me-de-a-sti '-num). Organs loeated within the mediastinum 
include the heart, thymus, esophagus, and traehea. 

The heart is enveloped by the pericardium 
(per-i-kar'-de-um), which is formed by membranes of 
the mediastinum. The thin viseeral perieardiam is tightly 
adhered to the surface of the heart. The parietal perieardiam 
lines the deep surface of a loosely fitting sae around the 
heart. The potential spaee between the viseeral and parietal 
perieardia is the perieardial eavity, and it eontains 
serous fluid, ealled perieardial fluid, that reduces frietion as 
the heart eontraets and relaxes. 

The walls of the abdominal eavity and the surfaces 
of abdominal organs are lined with the peritoneum 
(per-i-to-nè'-um), or peritoneal membrane. The parietal 
peritoneam lines the walls of the abdominal eavity but not 
the pelvie eavity. It deseends only to eover the superior 
portion of the urinary bladder. The kidneys, panereas, and 
parts of the intestines are loeated posterior to the parietal 
peritoneum in a spaee known as the retroperitoneal spaee. 
The viseeral peritoneam, an extension of the parietal perito- 
neum, eovers the surface of the abdominal organs. Double- 
layered folds of the viseeral peritoneum, the mesenteries 
(mes'-en-ter"-ès), extend between the abdominal organs 
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Superficial balloon wall 
Deep balloon wall 


Gavity 

Fist 



Superficial balloon wall 
(parietal serous mennbrane) 

Deep balloon wall 
(viseeral serous membrane) 

Gavity 

Fist 


Figure 1.7 lllustration of a fist pushed into a balloon as an analogy to serous membranes. 








Parietal 

pericardium 

-Perieardial 

membrane 

Viseeral 

pericardium 


Perieardial 
eavity eontaining 
perieardial fluid 


Heart 


Mesenteries 

Parietal 

pleura 

-Pleural 

Viseeral membrane 
pleura 

Pleural eavity 
eontaining 
pleural fluid 

Lung 

Diaphragm 



Parietal 

peritoneum 


Organ 
surrounded 
by viseeral 
peritoneum 


Viseeral 

peritoneum 


Peritoneal 
eavity eontaining 
peritoneal fluid 


Retroperitoneal 

organs 


Figure 1.8 Serous Membranes of The Ventral Gavity. 

(o) Anterior view of pericardium. (b) Anterior view of pleura. (e) Sagittal view of peritoneum. I^PlR] 


and provide snpport for them (see fignre 1.8c). The poten- 
tial spaee between the parietal and viseeral peritoneal 
membranes is ealled the peritoneal eavity and eon- 
tains a small amonnt of serons flnid ealled peritoneal flnid 
(fignre 1.8). 



eheek 



Understandinq 


6. VVhat membranes line the dorsal and ventral 
eavities? 

7. VVhat is the fnnetion of serons flnid? 



J 















































Pan 1 Organization of the Body 


13 


I. 7 Abdominopelvie Subdivisions 

Learning Objeetives 

10. Name the abdominopelvie quadrants and regions. 

II. Loeate the abdominopelvie quadrants and regions 
on a diagram. 

The abdominopelvie eavity is subdivided into either four 
quadrants or nine regions to aid health eare providers in 
loeating underlying organs in the abdominopelvie eavity. 
Physieians may feel (palpate) or listen to (auscultate) the 
abdominopelvie region to examine it. Ghanges in firmness 
or sounds may indieate abnormalities in the structures of 
a quadrant or region. 

The four quadrants are formed by two planes that 
interseet just superior to the umbilicus (navel), as shown 
in figure l.9a. Note the organs within eaeh quadrant. 

The nine regions are formed by the interseetion 
of two sagittal and two transverse planes as shown in 
figure 1.9c. The sagittal planes extend inferiorly from the 
midpoints of the eollarbones. The superior transverse 
plane lies just inferior to the borders of the lOth eostal ear- 
tilages, and the inferior transverse plane lies just inferior to 
the superior border of the hip bones. 

Study figures 1.8 and 1.9 to inerease your understand- 
ing of the loeations of the internal organs and assoeiated 
membranes. 

Now examine the eolorplates that follow this ehapter. 
They show an anterior view of the body in progressive 
stages of disseetion that reveals major muscles, blood ves- 
sels, and internal organs. Study these plates to learn the 
normal loeations of the organs of the ventral eavity. Also, 
eheek your understanding of the organs within eaeh 
abdominopelvie quadrant and region. 



eheek 



Dnderstandina 


8. What are the four quadrants and nine regions of 
the abdominopelvie region? 


1.8 Maintenanee of Life 

Learning Objeetives 

12. Define metabolism, anabolism, and eatabolism. 

13. List the five basie needs essential for human life. 

14. Define homeostasis. 

15. Explain how homeostasis relates to both healthy 
body functions and disorders. 

16. Deseribe the general meehanisms of negative 
feedbaek and positive feedbaek. 

Humans, like all living organisms, exhibit the fìandamental 
proeesses of life. Metabolism (me-tab'ò-lizm) is the term 


that eolleetively refers to the sum of all of the ehemieal 
reaetions that occur in the body. 

There are two phases of metabolism: anabolism and 
eatabolism. Anabolìsm (ah-nab'-ò-lizm) refers to pro- 
eesses that use energy and nutrients to build the complex 
organie molecules that eompose the body. Gatabolìsm 
(kah-tab'-ò-lizm) refers to proeesses that release energy and 
break down complex molecules into simpler molecules. 

Life is fragile. It depends upon the normal fìanetion- 
ing of trillions of body eells, which, in turn, depends upon 
faetors needed for survival and the ability of the body to 
maintain relatively stable internal eonditions. 

Survival Needs 

There are five basie needs that are essential to human life: 

1. Food provides ehemieals that serve as a source of 
energy and raw materials to grow and to maintain 
eells of the body. 

2. Water provides the environment in which the 
ehemieal reaetions of life occur. 

3. Oxygen is required to release the energy in 
organie nutrients, which powers life proeesses. 

4. Body temperatnre must be maintained elose to 
36.8°C (98.2°F) to allow the ehemieal reaetions of 
human metabolism to occur. 

5. Atmospherie pressnre is required for breathing 
to occur. 

Homeosfasis 

Homeostasis is the maintenanee of a relatively stable 
internal environment by self-regulating physiologieal 
proeesses. Homeostasis keeps body temperamre and the 
eomposition of blood and interstitial fluids within their 
normal range. This relatively stable internal environment 
is maintained in spite of the faet that internal and exter- 
nal faetors tend to alter body temperamre, and materi- 
als are continuously entering and exiting the blood and 
interstitial fluid. 

All of the organ systems work in an interdependent 
manner to maintain homeostasis. For example, ehanges 
in one system tend to affeet one or more other body sys- 
tems. Therefore, any disruption in one body system tends 
to be eorreeted but may disrupt another body system. 
The internal environment is maintained via a dynamie 
equilibrium where there is eonstant fluctuation taking 
plaee in order to maintain homeostasis. Malfìanetioning or 
overeompensation in a homeostatie meehanism ean lead 
to disorders and diseases. 

The dynamie equilibrium of homeostasis is primarily 
maintained by physiologie proeesses ealled negative- 
feedbaek meehanìsms. Body fluid eomposition and 
other physiologieal variables fluctuate near a normal value, 
ealled a set poim, and negative-feedbaek meehanisms are 
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Figure 1.9 The four quadrants and nine regions of the abdominopelvie eavity. |ÀPl^ 


used to keep these variables within their normal range 
(figure 1.10). For a negative-feedbaek meehanism to work, 
it needs to be able to monitor and respond to any ehanges 
in homeostasis. The strnemre of the negative-feedbaek 
meehanism allows it to fnnetion in exactly this manner 
and is a great example of how anatomieal strnemre eom- 
plements fnnetion. To monitor a physiologieal variable. 


a negative-feedbaek meehanism ntilizes a reeeptor to 
deteet deviation from the set point and send a signal 
notifying the integrating eenter about the deviation. The 
integrating eenter, which is the body region that knows 
the set point for the variable, proeesses the information 
from a reeeptor and determines the course of aetion that 
is needed. It then sends a signal that aetivates an effeetor. 
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(a) High sensitivity 


Set point 


Time (see) 


Stinnulus 


Begin 



Signal 



PHYSIOLOGIGAL 


INTEGRATING | 

VARIABLE 


OENTER 1 



□ □0 
Response 



Signal 


Figure 1.11 A negative-feedbaek meehanism eontrolling 
homeostasis. 



Set point 


Time (see) 


(b) Low sensitivity 


Figure 1.10 (a) A negative-feedbaek meehanism with 
high sensitivity. (b) A negative-feedbaek meehanism 
with low sensitivity. 


and thus deerease the blood glucose level baek toward 
normal. The panereas possesses other reeeptors that ean 
deteet deereases in blood glneose, such as occurs between 
meals. The alpha eells of the panereas, aeting as the inte- 
grating eenter, release the hormone glneagon. Glneagon 
causes the liver to release glucose into the bloodstream, 
which will inerease blood glneose baek toward normal 
(figure 1.12). 

It is important to note that the response of the inte- 
grating eenter will be stronger if the original stimulus is 
farther from normal. For example, if the blood glneose level 
rises sharply out of the normal range, eansing hyperglyeemia 
(blood glneose level above normal), the amount of insnlin 
the beta eells release will be more than the amount 
released if the blood glneose level is elevated but is still 
within the normal range. This type of response is ealled a 
graded response beeanse it ean respond on different levels 
(figure 1.13). 


REGEPTORS 


Beta eells 
of the 
panereas 


Nornnal 
blood glucose 
level disturbed 



Information affeets 


Beta eells of 
the panereas 


STIMULUS: 
Rising blood 
glucose level 



The effeetor will earry out the neeessary response aeeord- 
ing to the direetions of the integrating eenter and remrn 
the variable baek toward the set point. 

In a negative-feedbaek meehanism the 
response of the effeetor will always be 
the opposite of the ehange deteeted 
by the reeeptor (figure 1.11). Onee 
the set point is reaehed, the negative- 
feedbaek meehanism will antomati- 
eally turn off. 

Our bodys ability to maintain 
relatively eonstant blood glneose levels 
relies on negative-feedbaek meeha- 
nisms. When blood glneose levels 
begin to rise, as they do after a meal, 
there are reeeptors in the panereas that 
ean deteet this stimalas (ehange). The 
beta eells of the panereas aet as an inte- 
grating eenter and release the hormone 
insnlin in response to this ehange. lnsu- 
lin travels throngh the blood to sev- 
eral effeetors, one of which is the liver. 

Insnlin causes the liver eells to take Figure 1.12 The negative-feedbaek meehanism that regulates blood 
excess glucose out of the bloodstream glucose levels. 
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lnsulin Levels After Meals 


Breakfast Lunch Dinner Snaek 


0830 1200 1700 2030 



Figure 1.13 The graded response of insulin release is 
based on amount of blood glucose elevation. 


Positive-feedbaek meehanisms utilize the same 
basie eomponents as negative-feedbaek meehanisms. 
Hov^ever, the outcome of a positive-feedbaek meeha- 
nism is very different from that of a negative-feedbaek 
meehanism. A positive-feedbaek meehanism is used 
when the originating stimulus needs to be amplified and 
eontinned in order for the desired result to occur. A few 
examples of positive-feedbaek meehanisms inelnde fever, 
aetivation of the immune response, formation of blood 
elots, eertain aspeets of digestion, and nterine eontrae- 
tions of labor. If you think about blood elot formation, 
blood elots do not form ''normally''; when they begin 
to form, this occurs quickly and eompletely in order to 
stop blood loss. This is a neeessary meehanism for overall 
homeostasis. Figure 1.14 illustrates the speeifie steps of 
the positive-feedbaek meehanism of saliva prodnetion. 

Positive-feedbaek meehanisms ean be harmfnl 
beeanse they laek the ability to stop on their own. 
They will eontinne to amplify the effeet of the original 
stimulus, which ean push the body dangerously out 
of homeostasis, until the eyele is interrnpted by an 
ontside faetor. For example, an nneontrolled fever ean 
inerease body temperamre to a point that is fatal. For 
this reason, positive-feedbaek meehanisms are used for 
rare events within the body, rather than for the daily 
maintenanee of homeostasis. 
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REOEPTORS 
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Figure 1.14 A positive-feedbaek meehanism illustrating 
the production of saliva. 
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9. What is homeostasis? How is homeostasis regnlated? 
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Anatomy and Physiology 

Hnman anatomy is the stndy of body strnemre and 
organization. 

Hnman physiology is the stndy of body fnnetions. 


Levels of Organization 

The body eonsists of several levels of organization of 
inereasing complexity. 

From simple to complex, the organizational levels 
are ehemieal, eellnlar, tissne, organ, organ system, and 
organismal. 

The organs of the body are arranged in eoordinated 
gronps ealled organ systems. 

The 11 organ systems of the body are 


integnmentary 

skeletal 

mnsenlar 

nervons 

endoerine 

digestive 


eardiovasenlar 

lymphoid 

respiratory 

nrinary 

reprodnetive 


Direetional Terms 

Direetional terms are used to deseribe the relative 
positions of body parts. 

Direetional terms occur in pairs, with the members of 
a pair having opposite meanings. 
anterior-posterior proximal-distal 

snperior-inferior external-internal 

medial-lateral parietal-viseeral 

eentral-peripheral 

Body Regions 

The body is divided into two major portions: the axial 
portion and the appendienlar portion. 

The axial portion is snbdivided into the head, neek, and 
tmnk. 

The head and neek eontain eervieal, eranial, and faeial 
regions. The eranial and faeial regions eombine to form 
the eephalie region. 

The faeial region eonsists of orbital, nasal, oral, and buccal 
regions. 

The tmnk eonsists of anterior, posterior, lateral, and 
inferior regions. 

Anterior tmnk regions inelnde the abdominal, ingninal, 
peetoral, pelvie, and sternal regions. The abdominal and 
pelvie regions eombine to form the abdominopelvie region. 
Posterior tmnk regions inelnde the dorsal, glnteal, 
lumbar, saeral, and vertebral regions. 

Lateral tmnk regions are the axillary and coxal regions. 
Inferior tmnk regions are the genital and perineal 
regions. 


• The appendienlar portion of the body eonsists of the 
upper and lower limbs. 

• The upper limb is attaehed to the trunk at the shonlder. 
Regions of the upper limb are the antebraehial, anteenbital, 
braehial, carpus, digital, oleeranal, and palmar regions. 

• The lower limb is attaehed to the tmnk at the hip. 
Regions of the lower limb are the emral, digital, femoral, 
patellar, pedal, plantar, popliteal, sural, and tarsal regions. 

1.5 Body Planes and Seetions 

• Well-defined planes are used to guide seetioning of the 
body or organs. 

• The eommon planes are transverse, sagittal, and frontal. 

• The eommon planes prodnee longimdinal seetions and 
eross seetions of the body. 

1.6 Body Gavities 

• There are two major body eavities: dorsal and ventral. 

• The dorsal eavity eonsists of the eranial eavity and 
vertebral eanal. 

• The ventral eavity eonsists of the thoraeie and 
abdominopelvie eavities. 

• The thoraeie eavity lies snperior to the diaphragm. 

It eonsists of two lateral plenral eavities and the 
mediastinnm, which eontains the perieardial eavity. 

• The abdominopelvie eavity lies inferior to the diaphragm. 
It eonsists of a snperior abdominal eavity and an inferior 
pelvie eavity. 

• The body eavities are lined with proteetive and 
snpportive membranes. 

• The meninges eonsist of three membranes that line 
the dorsal eavity and enelose the brain and spinal eord. 

• The parietal plenrae line the internal walls of the rib 
eage, while the viseeral plenrae eover the external 
snrfaees of the lungs. 

• The plenral eavity is the potential spaee between the 
parietal and viseeral plenrae. 

• The parietal perieardinm is a saelike membrane in the 
mediastinnm that surrounds the heart. The viseeral 
perieardinm is attaehed to the snrfaee of the heart. 

• The perieardial eavity is the potential spaee between the 
parietal and viseeral perieardia. 

• The parietal peritonenm lines the walls of the abdominal 
eavity but does not extend into the pelvie eavity. The 
viseeral peritonenm eovers the snrfaee of abdominal 
organs. 

• The peritoneal eavity is the potential spaee between the 
parietal and viseeral peritoneal membranes. 

• The mesenteries are double-layered folds of the viseeral 
peritoneum that support internal organs. 

• Kidneys, panereas, and parts of the intestines are 
loeated posterior to the parietal peritonenm in the 
retroperitoneal spaee. 
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1.8 Maintenanee of Life 

• Metabolism is the sum of all of the bodys ehemieal reaetions. 
It eonsists of anabolism, the synthesis of body ehemieals, 
and eatabolism, the breakdown of body ehemieals. 

• The basie needs of the body are food, water, oxygen, 
body temperamre, and atmospherie pressnre. 

• Homeostasis is the maintenanee of a relatively stable 
internal environment. 

• Homeostasis is regnlated by negative-feedbaek meehanisms. 

• Negative-feedbaek meehanisms eonsist of three 
eomponents: reeeptors, integrating eenter, and effeetors. 

• Positive-feedbaek meehanisms promote an ever-inereasing 
ehange from the norm. 

Se If-Revi ew 

Answers are loeated in Appendix B. 7. 

1. A smdy of body fnnetions is ealled_. 8. 

2. Blood, the heart, and blood vessels eompose the_ 

system. 9. 

3. Rapid eoordination of body fnnetions is the fnnetion of 

the_system. 10. 

4. The fingers are loeated_to the wrist. 

5. The upper and lower limbs eompose the_portion 11. 

of the body. 12. 

6. The posterior snrfaee of the knee is known as the_ 

region. 


Critical ThinkinR 

1. A hypoglyeemie (low blood glneose level) patient is given orange juice to drink. Explain how this inereases blood glneose level 
and the organ systems involved. 

2. Deseribe the loeation of the kneeeap in as many ways as you ean using direetional terms. 

3. Deseribe where serous membranes are loeated in the body, name the three types of serous fluid, and explain the fnnetion of 
serous fluid. 

4. Explain how negative-feedbaek meehanisms regnlate homeostasis. 


The thigh is known as the_region. 

The_body eavity is divided into the eranial eavity 

and_eanal. 

The gallbladder is loeated in the_quadrant and 

the_region. 

The_separates the left and right portions of the 

thoraeie eavity. 

The abdominal eavity is lined by the_. 

The maintenanee of a relatively stable internal environment 
is ealled 


1.7 Abdominopelvie Subdivisions 

The abdominopelvie eavity is snbdivided into either four 
quadrants or nine regions as an aid in loeating organs. 


The four quadrants are 

right upper 

right lower 

The nine regions are 

epigastrie 

left hypoehondriae 

right hypoehondriae 

nmbilieal 

left flank 


left upper 
left lower 


right flank 
hypogastrie (pubic) 
left inguinal 
right ingninal 
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eOLORPLATES OF THE HUMAN BODY 


The five eolorplates that follow show the basie structure 
of the human body. The first plate shows the anterior 
body surface and the superficial anterior muscles of a 
female. Succeeding plates show the internal structure as 
revealed by progressively deeper disseetions. 


Refer to these plates often as you study this text in 
order to beeome familiar with the relative loeations of the 
body organs. ■ 


Platysma 

Trapezius 


eiavide 


Deltoid 


Gephalie v 


Breast 


Bieeps braehii 


Sartorius 


Femoral v. 



External oblique 


lnguinal ligament 


Tensor faseiae latae 


Great saphenous v 


Vastus lateralis 


Rectus femoris 


Peetoralis major 


Sheath of rectus 
abdominis 


Umbilicus 


Anterior superior 
iliae spine 


Mons pubis 


Adductor longus 


Graeilis 


Plate 1 Superficial Anatomy of the Trunk (Female). 

Surface anatomy is shovvn on the anatomieal left, and structures immediately deep to the skin on the right (v. = vein). 
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Internal jugular v. 
External ]ugular v. 


Omohyoid 


eiavide 

Internal 


intereostal 


External 
intereostal 


Gostal 
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Liver 
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Goraeobraehialis 

Lung 
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Stomaeh 


Large 

intestine 


Femoral n. 
Femoral a. 
Femoral v. 


Plate 2 Anatomy at the Level of the Rib Cage and Greater Omentum (Male). 

The anterior body wall is removed, and the ribs, intereostal muscles, and pleurae are removed from the anatomieal left 
(a. = artery; v. = vein; n. = nerve). 
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Thyroid eartilage of larynx 


Thyroid gland 


Braehial plexus 


Superior vena 
eava 


Goraeobraehialis 


Hunnerus 


Lobes of lung 


Small intestine 


Cecum 


Appendix 


Tensor faseiae latae 


Pectineus 


Adductor longus 


Graeilis 


Adductor magnus 


Rectus femoris 



Braehio- 
eephalie v. 


Subclavian v 


Subclavian a 


Aortie areh 


Axillary v. 

Axillary a. 
Gephalie v 

Braehial v. 

Braehial a. 


Heart 


Spleen 

Stomaeh 
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Penis (cut) 


Vas 
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Plate 3 Anatomy atthe Level of the Lungs and Intestines (Male). 

The sternum, ribs, and greater omentum are removed (a. = artery; v. = vein). 
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Snperior vena eava 
Bronehns - 


Esophagns ■ 
Plenral eavity 


Hepatie vv.- 

Inferior vena eava- 

Splenie a. - 

Duodenunn - 

Superior mesenterie v. 

Abdominal aorta - 

Gommon iliae a.- 

U rete r - 

Ovary _ 

Uterine tube - 

Uterus - 

Urinary bladder - 

Pectineus- 

Graeilis- 

Adductor longus- 



T raehea 


Lung 

(seetioned) 


Thoraeie aorta 


Spleen 

Adrenal gland 
Panereas 

Kidney 

Superior 
mesenterie a. 

Inferior 
mesenterie a. 


Tensor faseiae 
latae (cut) 

Sartorius (cut) 


Rectus 
femoris (cut) 


Adductor brevis 
Vastus intermedius 


Adductor 
longus (cut) 

Vastus lateralis 
Vastus medialis 


Plate 4 Anatomy at the Level of the Retroperitoneal Viseera (Female). 

The heart is removed, the lungs are frontally seetioned, and the viseera of the peritoneal eavity and the peritoneum 
itself are removed (a. = artery; v. = vein; vv. = veins). 
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Right eomnnon earotid a. 
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Braehioeephalie trunk 
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Plate 5 Anatomy at the Level of the Posterior Body Wall (Female). 

The lungs and retroperitoneal viseera are removed (a. = artery). 





































Have you ever vvondered why the LISDA (Llnited States Department of 
Agriculture) reeommends a eertain number of protein, grain, fat, fmit, 
vegetable, dairy, and water servings every day? The answer is simple. You 
are what you eat. For example, protein-rieh foods such as meats and nuts 
provide neeessary building units for the production of new proteins within 
your body. Your body uses glucose, a earbohydrate, as its main energy 
source. The grains in your diet are rieh in earbohydrates and help to 
replenish the body’s glucose supply. Many of the body’s ehemieal reaetions 
require the presenee of speeifie vitamins and minerals, which are obtained 
through fmits and vegetables, to occur normally. Even the beverages 
consumed every day help provide the fluids needed to maintain the 
pereentage of the body eomposed of water. It is elear that the homeostasis 
of the human body is dependent upon ehemieals and the eonstant supply 
of these ehemieals through the nutrients in our diet. This ehapter will be 
introducing you to the wonders of this ehemieal world and will ereate a 
foundation for better understanding of everything from cellular functions 
to organ system physiology in later ehapters. 
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SELEGTED KEY TERMS 


Atom (atomos = indivisible) 

The smallest unit of an element. 
earbohydrate (earbo = earbon; 
hydr = water) An organie 
compound eomposed of earbon, 
hydrogen, and oxygen, with 
hydrogen and oxygen at a 2:1 ratio. 
ehemieal hond (bond from 
band = fasten) Joining of ehemieal 
snbstanees using attraetions 
between eleetrons. 
ehemieal formnla (formnla = 
draft or small form) Shorthand 
notation showing the type and 
number of atoms in a moleenle or 
eomponnd. 

ehemieal reaetion (re = again; 
aetionem = put into motion) Proeess 
involving the formation and/or 


breakage of ehemieal bonds resnlting 
in new eombinations of atoms. 
Compound (eomponere = to 
plaee together) A snbstanee 
formed by atoms from two or 
more elements. 

Element A snbstanee that 
eannot be broken down into 
simpler snbstanees by ordinary 
ehemieal means. 

Enzyme (en = in; zym = ferment) 
A protein that eatalyzes ehemieal 
reaetions. 

Inorganie compound (in = not) 
Small, simple snbstanee that usually 
does not have earbon and hydrogen 
in the same snbstanee. 

Lipid (lip = fat) An organie 
eomponnd eontaining mostly 


earbon and hydrogen, with 
small amonnts of oxygen. These 
eomponnds do not mix with water. 
Moleenle (moleenla = little 
mass) A snbstanee formed by two 
or more atoms bonded together by 
eovalent bonds. 

Nucleic aeid (nucle = kernel) 

A complex organie moleenle 
eomposed of nneleotides. 

Organie compound (organon = 
from living things) Large, complex 
snbstanees that eontain both 
earbon and hydrogen in the same 
moleenle, usually with oxygen too. 
Protein A group of nitrogen- 
eontaining organie eomponnds 
formed of amino aeids. 


ANYTHING THAT OCCUPIES SPACE IS MATTER. Chem- 

istry is the seientifie study of matter and the interaetions 
of matter. A basie knowledge of ehemistry is neeessary for 
health-eare professionals beeanse the human body is eom- 
posed of ehemieals and the proeesses of life are ehemieal 
interaetions. 


2.1 Atoms and Elements 


Learning Objeetives 

1. Deseribe the basie structure of an atom. 

2. Distinguish between atoms, isotopes, and 
radioisotopes. 

The entire physieal nniverse, both living and nonliving, is 
eomposed of matter. All matter is eomposed of elements, 
snbstanees that eannot be broken down into simpler sub- 
stanees by ordinary ehemieal means. Garbon, hydrogen, 
and nitrogen are examples of ehemieal elements. 

New elements are being diseovered relatively fre- 
quently as teehnology eontinnes to advanee. As of the 
writing of this textbook, there were 118 elements in 
the periodie table. Most seientists eonsider 92 of these 
elements to be ''namrally oeenrring,'' which generally 
means they ean be found in samples of soil, air, and water. 
The remaining elements in the periodie table are man- 
made. The average person has deteetable traees of approxi- 
mately 60 elements in his or her body, but by most current 
definitions only 24 are reeognized as being involved in 
maintaining life. 


Figure 2.1 highlights the 12 elements of the human 
body that occur in signifieant amonnts (totaling 99.9%). 
The four elements isolated in figure 2.1 (oxygen, earbon, 
hydrogen, and nitrogen) make up approximately 96% of 
the human body and are found making up the body's 
major organie moleenles, disenssed later in the ehapter. 
Other remaining elements occur in very small amonnts 
and are referred to as traee elements. 


Atomie Structure 


An atom (a'-tom) is the smallest single unit of an element. 
Atoms of a given element are similar to eaeh other, and 
they are different from atoms of all other elements. Atoms 
of different elements differ in size, mass, and how they 
interaet with other atoms. 

Atoms are eomposed of three types of snbatomie par- 
tieles: protons, nentrons, and eleetrons. Eaeh proton has 
a positive eleetrieal eharge. Eaeh eleetron has a negative 
eleetrieal eharge. Eaeh nentron has no eleetrieal eharge. 
Protons and nentrons are loeated in the nucleus at the 
eenter of an atom. 

Eleetrons orbit, or revolve around, the nucleus at 
high speeds in eleetron shells that are loeated at varions dis- 
tanees from the nucleus. The first shell of eleetrons, the 
shell elosest to the nucleus, ean hold a maximum of two 
eleetrons even if it is the only eleetron shell. An atom with 
two or more eleetron shells reaets with other atoms to fill 
its valenee (ontermost) shell with eight eleetrons. Atoms 
always fill the lowest eleetron shells first. See the diagram of 
the atomie structures of hydrogen and earbon in figure 2.2. 
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ehemieal symbol 


H 


7 


1 


Hyefrogeh 



Atomie number 
ehemieal name 



Number of 
e“ in eaeh 
energy level 



Nitrogen 




1 



AT. MASS 1.01 amu 


Average — 
atomie mass 


(O) 



Garbon 


1 

H 


3 

Li 


11 

Na 





2-5 

AT. MASS 14.01 amu 





2-6 

AT. MASS 15.99 amu 


Mg 


2-4 

AT. MASS 12.01 amu 


19 20 

K Ca 


TT 


21 

Se 


37 

Rb 


55 

Cs 


87 

Fr 


38 

Sr 


56 

Ba 


88 

Ra 


39 

Y 


57 

La 


89 

Ae 


22 

Ti 


40 

Zr 


72 

Hf 


104 

Rf 


23 

V 


41 

Nb 


73 

Ta 


105 

Db 


24 

Cr 


42 

Mo 


74 

w 


106 

sg 


25 



27 


Mn I Co 


43 

Te 


75 

Re 


107 

Bh 


44 

Ru 


76 

Os 


108 

Hs 


45 

Rh 


77 

Ir 


109 

Mt 


28 

Ni 


46 

Pd 


78 

Pt 


110 

Ds 


29 

Cu 


47 

Ag 


79 

Au 


111 

Rg 


30 

Zn 


48 

Cd 


80 

Hg 


112 

Uub 


31 

Ga 


49 

In 


81 

Tl 


113 

Uut 


32 

Ge 


50 

Sn 


82 

Pb 


114 

Uuq 


33 

As 


51 

Sb 


83 

Bi 


115 

Uup 


34 

Se 


52 

Te 


84 

Po 


116 

Uuh 


35 

Br 


53 


85 

At 


117 

Uus 


36 

Kr 


54 

Xe 


86 

Rn 


118 

Uuo 


(L) 

58 

Ce 

59 

Pr 

60 

Nd 

61 

Pm 

62 

Sm 

63 

Eu 

64 

Gd 

65 

Tb 

66 

Dy 

67 

Ho 

68 

Er 

69 

Tm 

70 

Yb 

d 



(A) 

90 

Th 

91 

Pa 

92 

u 

93 

Np 

94 

Pu 

95 

Am 

96 

Cm 

97 

Bk 

98 

Cf 

99 

Es 

100 

Fm 

101 

Md 

102 

No 

..,h 



Most eommon Elements of the Human Body 


Major elements 

(eolleetively eompose more than 98% of body weight) 


ehemieal symbol % 

Body weight 


Oxygen 

65.0 

© 

earbon 

18.0 

© 

Hydrogen 

10.0 


Nitrogen 

3.0 

© 

Calcium 

1.5 

© 

Phosphorus 

1.0 


Lesser elements 

(eolleetively eompose less than 1% of body weight) 


ehemieal symbol % 

Body weight 

© 

Sulfur 

0.25 

© 

Potassium 

0.25 

© 

Sodium 

0.15 


ehlorine 

0.15 

(@> 

Magnesium 

0.05 

© 

Iron 

0.006 



Figure 2.1 (a) The periodie table of elements. (b) The 12 most abundant elements in the human body. 

































































































































































Pan 1 Organization of the Body 



Hydrogen 

Nucleus: 

1 proton 

Eleetron shell: 
1 eleetron 




Garbon 

Nucleus: 

6 protons 
6 neutrons 

Eleetron shells: 
1st: 2 eleetrons 
2nd: 4 eleetrons 






Proton (p+) 
(positive eharge) 

Neutron (n°) 

(no eharge) 


-Nucleus 


Q Eleetron (e ) 
(negative eharge) 

Eleetron cloud 


Figure 2.2 Atomie structures of hydrogen and earbon in (a) eleetron shell model, and (b) eleetron cloud model. 
These models show the most likely loeations of the eleetrons. 


An atom is eleetrieally nentral beeanse it has the 
same nnmber of protons as eleetrons, althongh the nnmber 
of nentrons may vary. Most atoms are not stable in this 
state and have eharaeteristie ways of losing, gaining, or 
sharing eleetrons to aehieve stability, which is key to form- 
ing ehemieal bonds. 

The atoms of eaeh element are eharaeterized by a 
speeifie atomie nnmber, ehemieal symbol, and atomie mass. 
These eharaeteristies are used to identify the element. The 
atomìe number indieates the number of protons and 
also the number of eleetrons in eaeh atom. The ehemieal 
symbol is a shorthand way of referring to an element or to 
an atom of the element. The mass of either a proton or a 
nentron is defined as one atomie mass anit (amu). Because 
of this, the atomie mass of an atom is simply the sum 
of the number of protons plus the number of neutrons in 
eaeh atom. For example, an atom of earbon has an atomie 
number of 6, a ehemieal symbol of C, and an atomie mass 
of 12. From this information, you know that an atom of 
earbon has six protons, six eleetrons, and six nentrons. 

Isotopes 

As mentioned in the preeeding seetion, all atoms of an 
element have the same number of protons and eleetrons. 
However, some atoms may have a different number of 
neutrons. An atom of an element with a different number 
of neutrons is ealled an ìsotope (í'-so-tòp). For example, 
hydrogen has three isotopes: ^H, ^H, and ^H (figure 2.3). 
All isotopes of an element have the same ehemieal proper- 
ties beeanse they have the same number of protons and 
eleetrons. 

Gertain isotopes of some elements have an nnstable 
nucleus that emits high-energy radiation as it breaks down 


to form a more stable nucleus. Such isotopes are ealled 
radioisotopes. Gertain radioisotopes are used in the diagnosis 
of disorders and in the treatment of eaneer. See the elinieal 
insight box later in this ehapter. 



Hydrogen CH) 
(1p+, 0n°, 1e“) 



Deuterium (^H) 
(1p+, 1n°, 1e“) 





Proton 

Neutron 

Eleetron 


Tritium (^H) 
(1p+,2n0,1e-) 


Figure 2.3 The three isotopes of hydrogen. Notiee 
that only the number of neutrons ehanges. 
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eheek 



IJnderstanding 


1. What is the relationship among matter, elements, 
and atoms? 

2. What is the basie strnetnre of an atom? 


2.2 Molecules and Compounds 

Learning Objeetives 

3. Explain the meaning of a ehemieal formula. 

4. Gompare and eontrast molecular formula and 
structural formula. 

5. Gompare and eontrast ionie, nonpolar eovalent, 
polar eovalent, and hydrogen bonds. 

6. Gompare synthesis, deeomposition, exchange, 
and reversible reaetions. 

A few elements exist separately in the body, but most are 
ehemieally bound to others to form molecules. Some 
molecules are eomposed of like elements-an oxygen 
molecule (O^), for example. Others, such as water (H^O), are 
eomposed of different kinds of elements. Compounds are 
substances eomposed of atoms from two or more different 
elements. Thus, the ehemieal structure of water may be 
referred to as both a molecule and a compound. Whether a 


substance is ealled a molecule or a compound also depends 
upon the type of ehemieal bond used to build the sub- 
stanee. Molecules are built by eovalent bonds only, while 
compounds are built by either ionie or eovalent bonds. 
ehemieal bonds are discussed in more detail shortly. 

ehemieal Formulae 

A ehemìeal formula expresses the ehemieal eomposition 
of a molecule or compound. Two major types of ehemieal 
formulae exist, the molecular formula and the structural 
formula. A moleealar formala expresses both the eomposi- 
tion of a single molecule and the eomposition of a eom- 
pound. In a molecular formula, ehemieal symbols indieate 
the elements of the atoms involved, while subscripts iden- 
tify the number of atoms of eaeh element in the molecule. 
For example, the molecular formula for water is H^O, which 
indieates that two atoms of hydrogen eombine with one 
atom of oxygen to form a water molecule. The molecular 
formula does not deseribe how the two hydrogen atoms 
and one oxygen atom in a water molecule are attaehed to 
eaeh other. There are many possibilities, H-H-O, H-O-H, 
or O-H-H, for example. Even if the order in which the 
atoms are attaehed is known, the atoms may not be 
arranged in a straight line as indieated above. A straemral 
formala is a diagram that both indieates the eomposition 
and number of atoms and illustrates how the atoms are 







Nuclear medieine is the medieal speeialty that uses 
radioisotopes in the diagnosis and treatment of dis- 
ease. Very small amounts of weak radioisotopes may 
be used to tag biologieal molecules in order to traee 
the movement or metabolism of these molecules in 
the body. Speeial instruments ean deteet the radia- 
tion emitted by the radioisotopes and identify the 
loeation ofthetagged molecules. 

In nuciear imaging, the emitted radiation ereates 
an image on a speeial photographie plate or computer 
sereen. In this way, it is possible to obtain an image 
of various organs or parts of organs where the radio- 
isotopes accumulate. Positron emission tomography 
(PET) uses eertain radioisotopes that emit positrons 
(positively eharged eleetrons), and it enables preeise 
imaging similar to computerized tomography (CT) 
seans. PET ean be used to measure proeesses, such 
as blood flow, rate of metabolism of seleeted sub- 
stanees, and effeets of drugs on body functions. It is a 
promising technique for both the diagnosis of disease 
and the study of normal physiologieal proeesses. 

Another form of nuclear medieine involves the 
use of radioisotopes to kill cancerous eells. Gertain 
radioisotopes may be attaehed to speeifie biologieal 


molecules and injeeted into the blood. When these 
molecules accumulate in cancerous tissue, the emit- 
ted radiation kills the cancerous eells. A similar effeet is 
obtained by implanting pellets of radioaetive isotopes 
direetly in cancerous tissue. 



Positron Emission Tomography (PET). 

Transverse seetion through the head. The highest level of brain 
aetivity is indieated in red, with successively lower levels represented 
by yellow, green, and blue. 


















Pan 1 Organization of the Body 


29 


linked to one another. Many fignres in the text will use 
structural formulae. Figures 2.5 and 2.7 are good examples. 

Up to this point it has been mentioned that molecules 
are eomposed of atoms that are ''ehemieally eombined.'' 
However, no mention has been made as to how this occurs. 
We will explore this next. 


two atoms. An atom eombines with another atom in order to 
fill its valenee shell. A full valenee shell makes an atom more 
stable. To do this, atoms either (1) reeeive or lose eleetrons, 
which resnlts in the formation of an ionie bond; or (2) share 
eleetrons, which leads to the formation of a eovalent bond. 

lonie Bonds 


ehemieal Bonds Iàpir] 


ehemieals are eombined when eleetrons interaet to form 
ehemìeal bonds, which join atoms together to form a 
moleenle. A ehemieal bond is a foree of attraetion between 


Step 1: 

Formation 
of ions 




11 protons 

12 neutrons 
11 eleetrons 


-Sodium 
atom (Na) 







17 protons 

18 neutrons 
17 eleetrons 


-Ghlorine 
atom (Cl) 



11 protons 

12neutrons -Sodium 
10 eleetrons ion (Na+) 


Step 2: 

Attraetion 

betvveen 

opposite 

eharges 





17 protons 

18neutrons -Ghloride 

18 eleetrons jon (Cr) 


Step 3: 

Formation of an 



Sodium ehloride (NaCI) 


Gonsider the interaetion of sodium and ehlorine in the 
formation of sodium ehloride (table salt), as shown in 
figure 2.4. Sodium has a single eleetron in its valenee 
shell, while ehlorine has seven eleetrons in its valenee 
shell. Note in step 2 of figure 2.4 that, after transferring 
an eleetron from sodium to ehlorine, sodium now has 
11 protons (h-) and 10 eleetrons (—), while ehlorine has 17 
protons (-h) and 18 eleetrons (—). Thus, the transfer of an 
eleetron from sodium to ehlorine causes the sodium atom 
to have a net eleetrieal eharge of H-1 and the ehlorine 
atom to have a net eleetrieal eharge of — 1. 

Atoms with a net eleetrieal eharge, either positive 
or negative, are ealled ions. Thus, the transfer of an 
eleetron from sodium to ehlorine has (1) resnlted in the 
valenee shell of eaeh atom being filled with eleetrons and 
(2) prodneed a sodium ion (Na^) and a ehloride ion (Cl“). 
Positively eharged ions, such as Na^, are ealled eations. 
Negatively eharged ions, such as Cl“, are ealled anions. The 
foree of attraetion that holds eations and anions together 
is an ìonìe bond. 

Covalent Bonds 

Atoms that form moleenles by sharing eleetrons are 
joined by eovalent bonds. The shared eleetrons orbit 
around eaeh atom for part of the time so that they may be 
eonnted in the outer shell of eaeh atom. Thus, the valenee 
shell of eaeh atom is filled. 


ehloride ions 
(Cr) 




Sodium ions 
(Na+) 



Figure 2.4 The synthesis of sodinm ehloride by the formation of an ionie bond. 

(a) The transfer of an eleetron from sodium to ehlorine eonverts sodium to a eation and ehlorine to an anion. 

(b) The attraetion between these oppositely eharged ions is an ionie bond. 
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A simple example of eovalent bonding is fonnd in a 
moleenle of hydrogen gas. A hydrogen atom with a single 
eleetron requires one more eleetron to fill its valenee shell. 
Two hydrogen atoms ean form a molecule of hydrogen gas 
(H 2 ) by sharing their eleetrons. In this way, the valenee 
shell of both atoms is eomplete and a single eovalent bond 
is formed. The single eovalent bond is shown in a struc- 
tural formula as a single straight line between ehemieal 
symbols for hydrogen (H-H) as is illnstrated in figure 2.5a. 


Double and triple eovalent bonds ean also form. 
A moleenle of gaseons oxygen (O 2 ) is formed when 
two oxygen atoms share two pairs of eleetrons. Eaeh 
oxygen atom requires two eleetrons to eomplete its 
valenee shell, so by sharing two pairs of eleetrons the 
valenee shell of both atoms is eomplete and a double 
eovalent bond (0=0) is formed (figure 2.5ò). Similarly, 
some compounds eontain earbon atoms that are triple 
bonded. A triple bond is formed when two atoms 



or 




Oxygen atom 
6p+, 6n°, 6e“ 



Oxygen atom 
6p+, 6n°, 6e“ 





0=0 


Oxygen moleeole (O^) 




Oxygen atoms 
8p+, 8n°, 8e“ 




Oarbon atom Oarbon atom Triple-bonded earbon atoms 

6p+, 6n°, 6e“ 6p+, 6n°, 6e“ 




Figure 2.5 Formation of nonpolar eovalent bonds. 
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share three pairs of eleetrons. Nitrogen gas (N^) is also 
formed of triple bonds (N=N). Fignre 2.5d shows a 
triple bond. 

There are two types of eovalent bonds: nonpolar 
eovalent and polar eovalent. Nonpolar eovalent bonds 
are eommonly fonnd between atoms of the same type 
and between C and H. In a nonpolar eovalent bond, the 
shared eleetrons spend equal time revolving between 
the two atoms. The equal sharing forms a moleenle that 
is eleetrieally nentral. These nonpolar moleenles do 
not mix well with water and are referred to as being 
hydrophobie (hydro = water; phobos = fear). Polar 
eovalent bonds involve an unequal sharing of eleetrons 
between two atoms. For example, when a hydrogen 
atom is eovalently bonded to an oxygen atom, the 
shared eleetrons spend less time near the hydrogen 
atom and more time near the oxygen atom. This occurs 
because the oxygen atom has a stronger pull on the 
eleetrons, which is referred to as eleetronegativity. In 
this simation the hydrogen atom beeomes slightly posi- 
tively eharged, notated as 6^, and the oxygen beeomes 
slightly negatively eharged, notated as 6“, (figure 2.6). 
Most molecules formed by polar eovalent bonds are 
ealled polar molecules beeanse different areas of 
the moleenle have a different eleetrieal eharge. Polar 
moleenles and ions tend to mix well with water and 
are thus referred to as hydrophilie (philos = loving). 
A good rule of thumb in determining what whether a 
snbstanee is hydrophobie or hydrophilie is 'dike mixes 
with like.'' For a snbstanee to mix with water, it must be 
like water, meaning it must also be eleetrieally eharged. 

It is important to note that a moleenle may eontain 
polar eovalent bonds and still be a nonpolar moleenle. 
The earbon dioxide moleenle in figure 2.5e is a great 
example; while the C=0 bonds are polar eovalent bonds. 





Nonpolar eovalent bond 


H-H 




Oxygen 


® Hydrogen 


Polar eovalent bond 
0-H 



Figure 2.6 Comparison of eleetron loeations in 
(a) nonpolar versus (b) polar eovalent bonds. 


the moleenle is linear and symmetrieal so that the oppos- 
ing bonds eaneel one another, making the entire structure 
similar (nonpolar) throughout. 

Hydrogen Bonds 

A hydrogen bond is a weak attraetive foree between a 
slightly positive area and a slightly negative area of a polar 
moleenle. These attraetions may occur between differ- 
ent sites within the same moleenle or between different 
moleenles. They may also occur between polar moleenles 
and ions. Figure 2.7c illustrates how the slightly negative 
oxygen atom of one water moleenle attraets the slightly 
positive hydrogen atom of a different water moleenle 
to form a hydrogen bond. It is important to note that 
the bonds between oxygen and hydrogen within one 
moleenle are polar eovalent bonds. The hydrogen bonds 
between water moleenles are responsible for many of 
wateTs unique eharaeteristies that help support life, 
which is why spaee exploration foenses so heavily on 
identifying other planets with water. For example, based 
on atomie mass, water should be a gas at room tempera- 
ture. However, the hydrogen bonds keep water liquid at 
room temperamre. Hydrogen bonds also play an impor- 
tant role in protein and nneleie aeid strnemre, as you will 
see later in this ehapter. 



eheek 



IJnderstanding 


3. How do ionie and eovalent bonds join atoms to 
form eomponnds? 

4. How are nonpolar eovalent bonds and polar eova- 
lent bonds different? 

5. What are hydrogen bonds? 

V___ 



ehemieal Reaetions 

In ehemìeal reaetions, bonds between atoms are 
formed or broken, and the result is a new eombination of 
atoms. There are four basie types of ehemieal reaetions: 
synthesis, exchange, deeomposition, and reversible reae- 
tions. Such reaetions occur continuously within the 
body. In general, a ehemieal reaetion begins with one or 
more substance(s) referred to as the reaetant(s). The reae- 
tion occurs and the new eombination of atoms is (are) 
ealled the product(s). Figure 2.8 shows a few examples of 
ehemieal reaetions. 

Synthesis (anabolìe) reaetions form new ehemieal 
bonds and energy is required for the reaetions to occur. 
Atoms or simple molecules eombine to form a more 
complex prodnet. The reaetion of hydrogen and oxy- 
gen (reaetants) to form water (prodnet) is an example. 
Figure 2.8Ò shows how energy may be used to eombine 
amino aeids to form a protein. Synthesis reaetions prodnee 
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raj '-^- 

VVater moleeole 



H—O—H 



- VVater molecule 





I 

I 

I 




Figure 2.7 (a) The synthesis of a vvater molecule by the formation of eovalent bonds. (b) Spaee-filling model of vvater 
molecule. (e) Hydrogen bonds forming betvveen adjaeent vvater molecules. 


complex moleenles used in the growth and repair of body 
parts. Synthesis reaetions may be generalized as 

A -h B ^ AB 

A deeompositìon (eatabolìe) reaetion is the 

opposite of a synthesis reaetion. ehemieal bonds of a 
complex molecule are broken to form two or more 
simpler moleenles, releasing energy in the proeess. For 
example, water ean deeompose to form hydrogen and 
oxygen. Deeomposition reaetions are used to break down 
food moleenles to form nntrients usable by body eells. 
Figure 2.8c shows how glyeogen may be deeomposed to 
form glneose, thus releasing energy. Deeomposition reae- 
tions may be generalized as 


hydrolysis reaetions dienssed later in this ehapter are 
examples of exchange reaetions. Exchange reaetions may 
be generalized as 

AB -h CD -> AD -h CB 

Reversible reaetions exist in which the reaetants 
and prodnets may eonvert in both direetions. Several 
faetors determine the reversibility of a reaetion, such as 
energy available and relative abnndanee of reaetants and 
prodnets. The reaetions of ehemieal bnffers are great 
examples of exchange reaetions that are also reversible 
reaetions. Ghemieal bnffers are disenssed later in this 
ehapter. Reversible reaetions are indieated by a double 
arrow: 


AB -> A -h B 

Exchange (rearrangement) reaetions occur 
when two different reaetants exchange eomponents, 
resnlting in the breakdown of the reaetants and the for- 
mation of two new prodnets. Thus, exchange reaetions 
involve both deeomposition of the reaetants and synthe- 
sis of the new prodnets. The dehydration synthesis and 


A -h B ^ AB 



eheek 



IJnderstanding 


6. How do synthesis, deeomposition, exchange, and 
reversible reaetions differ? 
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Product(s) 


(a) ehemieal reaetion 



Reaetants 



Protein molecule 


Product 


Compounds eomposing the human body include both 
inorganie and organie substances. Molecules of inorganie 
eomponnds may eontain either earbon or hydrogen in 
the same molecule, but not both. Biearbonates, such as 
sodium biearbonate (NaHGO^), are an exception to this 
rule. Molecules of organie eomponnds always eontain 
both earbon and hydrogen, and they usually also eontain 
oxygen. The earbon atoms form the ''baekbone'' of organie 
molecules. 

Miýor Inorganie Conipounds 

The major inorganie compounds in the body are water, 
most aeids and bases, and inorganie salts. Aeids, bases, and 
mineral salts ionize to release ions when dissolved in 
water, as you will see shortly. 


(b) Anabolie (or synthesis) reaetion 




+ jEnergy 


Reaetant 


Products 


(e) Gatabolie (or deeomposition) reaetion 


Figure 2.8 (a) General example of a ehemieal reaetion. 
(b) A synthesis reaetion uses energy to form bonds 
resulting in one or more larger products. (e) A deeom- 
position reaetion breaks bonds, releasing energy and 
resulting in numerous smaller products. 

2.3 Compounds Composing 
the Human Body 

Learning Objeetives 

7. Distinguish between inorganie and organie substances. 

8. Explain the importanee of water and its loeations in 
the body. 

9. Gompare and eontrast eleetrolytes and 
noneleetrolytes, and aeids and bases. 

10. Explain the use of the pH seale. 

11. Explain the importanee of buffers. 

12. Distinguish between earbohydrates, lipids, proteins, 
and nucleic aeids and their roles in the body. 

13. Explain the role of enzymes. 

14. Deseribe the meehanism of enzymatie aetion. 

15. Deseribe the structure and function of adenosine 
triphosphate (ATP). 


Water 

Water is by far the most abundant eomponnd found 
within eells and in the extracellular fluid. Water 
eomposes about two-thirds of the body weight. Water 
generally occurs within the body as part of a mixture 
ealled an aqueous solution. A solation is a mixture eom- 
posed of a solvent and one or more solntes. A solvent is a 
liquid used to dissolve or suspend snbstanees. Solates are 
the snbstanees dissolved or snspended in the solvent. In 
this aqueous solution, water is aeting as a solvent. Reeall 
from earlier in the ehapter that water is a solvent for elee- 
trieally eharged snbstanees, such as polar molecules and 
ions. ehemieal reaetions that occur in the body take plaee 
in this aqueous solmion. Water is used to transport many 
solntes throughout the body, through the plasma mem- 
brane of a eell, or from one part of the eell to another. 
Another fnnetion of water is that it is a great inbrieant 
in the body. Water is also important in maintaining a 
eonstant eellnlar temperatnre, and thus a eonstant body 
temperatnre, beeanse it absorbs and releases heat slowly. 
Evaporative eooling (sweating) throngh the skin also 
involves water. Another fnnetion of water is as a reaetant 
in the breakdown (hydrolysis) of organie eomponnds. 

The speeifie loeations where water is found in the 
body are ealled ivater eompartments. They are 

IntraeelMar flaid (ICF): fluid within eells; about 65% 
of the total body water. 

ExtracelMar flaid (ECF): all fluid not in eells; about 
35% of the total body water. 

Interstitial flnid (tissne flaid): fluid in spaees 
between eells. 

Plasma: fluid portion of blood. 

Lymph: fluid in lymphatie vessels. 

TranseelMar flaids: fluid in more limited 

loeations, such as serous fluid, eerebrospinal 
fluid (CSF-located within and around the 
brain and spinal eord), and synovial fluid (in 
eertain joints). 
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(a) Sodiunn ehloride in solution (eleetrolyte) 


(b) Glucose in solution (noneleetrolyte) 


Figure 2.9 Comparison of eleetrolyte and noneleetrolyte in aqueous solution. 


Eleetrolytes lÀPlR] 


When ionie eomponnds are dissolved in water, their 
moleenles tend to ionize (dissoeiate), releasing ions. The 
proeess of ionization involves the formation of hydration 
spheres by water nsing its polar natnre to separate ions 
from eaeh other (fignre 2.9a). Such compounds are ealled 
eleetrolytes (èTek'-tróTìtz) beeanse when dissolved they 
ean eondnet an eleetrieal enrrent. Aeids, bases, and salts 
are types of eleetrolytes (figure 2.10). Substances that 
dissolve in water without ionizing and therefore do not 
eondnet eleetrieal enrrent are termed noneleetrolytes, 
such as the glucose molecule in figure 2.9b. Noneleetro- 
lytes are usually organie eomponnds, which are disenssed 
later in the ehapter. The eomposition and eoneentration 
of eleetrolytes and noneleetrolytes in the body must be 
kept within narrow limits to maintain homeostasis. 


NaOH ^ Na+ + OH“ 

H+ + OH" ^ HOH 

The symbol pH is a measnre of the hydrogen ion 
eoneentration in a solntion. 

Measnrement of pH Ghemists have developed a pH 
seale that is used to indieate the measnre of aeidity or 
alkalinity (basieity) of a solntion, meaning the relative 
eoneentrations of hydrogen ions (H+) and hydroxide ions 
(OH“) in a solntion. The pH seale ranges from 0 to 14. 
The eoneentration of H+ deereases and the eoneentration 
of OH“ inereases as the pH values inerease. These ions are 
equal in eoneentration at pH 7, so a solntion with a pH of 7 
is neither an aeid nor a base and is referred to as nentral. 
For example, pure water has a pH of 7. 


Aeids and Bases 

An aeid is a ehemieal that releases hydrogen ions (H+) 
into solntion. 

The stronger the aeid, the greater is the degree of 
dissoeiation, which resnlts in a greater eoneentration of 
H+. Hydroehlorie aeid (HC1) is a strong aeid. It ionizes into 
hydrogen and ehloride ions (H+ and Cl“). 

Hci H^ + er 

A base deereases the eoneentration of H+ in a solu- 
tion by eombining with the H+. The stronger the base, 
the greater is its ability to eombine with H+. Some bases 
eombine direetly with H+. Other bases, such as sodium 
hydroxide (NaOH), ionize to release hydroxide ions (OH“), 
which eombine with H+ to form water. 



Figure 2.10 lonization of an aeid, a base, and a salt in 
water. 
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Solutions with a pH less than 7 are aeids, and those 
with a pH greater than 7 are bases. The lower the pH 
value below 7, the more aeidie is the solution, and the 
higher the pH value above 7, the more alkaline is the 
solntion. There is a tenfold differenee in the eoneentra- 
tions of H"^ and OH“ when the pH ehanges by one unit. 
For example, an aeid with a pH of 4 has a eoneentration 
of H^ that is 10 times greater than that of an aeid with 
a pH of 5. Some examples of pH values for body fluids 
include blood (7.4), stomaeh aeid (1-2), urine (6), and 
intestinal fluid (8). 

Baffers Gells of the body are espeeially sensitive to pH 
ehanges. Even slight ehanges ean be harmfnl. The hydro- 
gen ion eoneentration (pH) of blood and other body fluids 
is maintained within narrow limits by the lungs, kidneys, 
and bnffers in body fluids. A buffer is a ehemieal or a 
eombination of ehemieals that either pieks up excess 
H^ or releases H^ to keep the pH of a solution rather 
eonstant. The earbonie aeid-biearbonate bnffer system 
illnstrated in figure 2.11 is the most important bnffer sys- 
tem in the body. Notiee that earbonie aeid and biearbon- 
ate ions reaet in a reversible reaetion whose direetion is 
determined by pH. 

Bnffers are extremely important in maintaining the 
normal pH of body fluids but they ean be overwhelmed 
by a disrnption of homeostasis. The normal pH of the 
arterial blood is 7.35 to 7.45. In aeidosis, the pH is less 
than 7.35, and a patient could go into a eoma. In alkalosis, 
the pH range is greater than 7.45, and a patient may have 
nneontrolled muscle eontraetions. Extreme variations, 
ontside of 6.8-8.0, may be fatal. 

Salts 

Like aeids and bases, salts are ionie eomponnds that 
ionize in an aqueous solution, but they do not prodnee 


hydrogen or hydroxide ions. The most important salts 
in the body are sodium, potassium, and ealeinm salts. 
Calcium phosphate is the most abundant salt beeanse it 
is a main eomponent of bones and teeth. Sodium ehloride 
(NaCl), a eommon salt in body fluids, ionizes into sodium 
and ehloride ions (Na^ and Cl~). 

NaCI ^ Na+ + Cr 

Salts provide ions that are essential for normal 
body fnnetioning. Physiologieal proeesses in which 
ions play an essential role inelnde blood elotting, mus- 
ele and nervons fnnetions, and pH and water balanee 
(table 2.1). 



7. Where is water loeated in the body and why is it 
so important? 

8. What is the relationship between aeids, bases, 
and pH? 

9. What are salts and why are they important? 

V___ J 


Major Organie Compounds 

The major organie eomponnds of the body are earbo- 
hydrates, lipids, proteins, and nneleie aeids (table 2.2). 
Another eomponnd, adenosine triphosphate (ATP), is also 
eonsidered here beeanse it plays such a vital role in the 
transfer of energy within eells. 

Before beginning a smdy of the varions organie 
eomponnds, it is important to nnderstand one reversible 
reaetion that will help to elarify a great deal about how 
bioehemistry (ehemistry in living things) in general 
works. The reaetion involves two proeesses, dehydration 



earbonie aeid 

H^eOg 



Biearbonate ion 

HGOg- 



Hydrogen ion 
H+ 



when pH is high 

- > 

< - 

when pH is low 




Figure 2.11 Carbonic aeid ionizes to release when pH is hlgh. Biearbonate ion eombines with H^ when pH is low. 
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Table 2.1 Important inorganie lons 


lon 


Symbol 


Functions 


Biearbonate 

HC 03 - 

Calcium 

Ca2+ 

Garbonate 

eOa^- 

ehloride 

er 

Hydrogen 

H+ 

Hydroxide 

OH" 

Phosphate 

O 

CjO 

1 

Potassium 

K+ 

Sodium 

Na+ 


Helps maintain aeid-base balanee 

Major eomponent of bones and teeth; required for muscle eontraetion and blood elotting 

Major eomponent of bones and teeth; helps maintain aeid-base balanee 

Helps maintain vvater balanee 

Helps maintain aeid-base balanee 

Helps maintain aeid-base balanee 

Major eomponent of bones and teeth; required for energy transfer, helps maintain aeid-base balanee 
Required for muscle and nervous function 

Required for muscle and nervous function; helps maintain vvater balanee 


Table 2.2 

Important Organie Compounds 


Compound 

Building Units 

Examples 

Functions 

Garbohydrates 

Monosaeeharides 

Glucose 

Primary energy source for eells 


(simple sugars) 

Stareh 

Storage form in plants; eommon in plantfoods 



Glyeogen 

Storage form in animals; stored in liver and muscles 

Lipids 

Glyeerol, fatty aeids 

Triglyeerides (fats) 

Energy source and storage 


Diglyeeride, phosphate- 
eontaining group 

Phospholipids 

Gell structure 


eholesterol (4C rings) 

Steroids 

A variety of functions (e.g., sex hormones promote sexual 
development) 

Proteins 

Amino aeids 

Structural proteins 

Gell structure 



Functional proteins 

Nonstructural functions (e.g., eatalyze ehemieal reaetions 
and ehemieal transport) 

Nucleic aeids 

Nucleotides 

DNA 

Storage of genetie information 



RNA 

Proeessing of genetie information leading to protein synthesis 



ATP 

Energy earrier for cellular proeesses 


synthesis and hydrolysis. Dehydration synthesis 
literally means 'Yemove water to bond together/' while 
hydrolysis means "'break with water.'' Fignre 2.12« 
shows that in dehydration synthesis one moleenle 
gives up a hydrogen atom, which then eombines with 
a hydroxyl yroap (-OH) given up by a seeond moleenle 
to form water. The two moleenles involved will need to 
reform bonds where the H and -OH were removed in 
order to refill their valenee shells. They satisfy this need 
by eombining with eaeh other, forming a new bond. In 
a hydrolysis reaetion (figure 2.12Ò), the opposite occurs. 
Water ''attaeks'' a ehemieal bond between two moleenles, 
eansing it to break. The resnlting moleenles have extra 
eleetrons that bind to the water moleenle and split it, 
with H bonding to one moleenle and -OH bonding to 
the other. IJnderstanding this meehanism will assist your 
understanding of how organie eomponnds are synthe- 
sized and deeomposed. 


Carbohydrates 

earbohydrates (kar"-bo-hi '-dràtz) are formed of earbon, 
hydrogen, and oxygen. In eaeh earbohydrate moleenle, 
there are two hydrogen atoms for every oxygen atom. 
Garbohydrates are the primary source of nutrient energy 
for eells of the body. Garbohydrates are elassified aeeord- 
ing to moleenlar size as monosaeeharides, disaeeharides, 
or polysaeeharides (figure 2.13). 

The simplest earbohydrates are monosaeeharides 
(mon-ó-sak'-ah-rids). For example, glaeose (e^Hi^Oó) is 
a six-carbon monosaeeharide (hexose) that is the major 
earbohydrate fuel for eells. It is ofeen ealled blood sugar 
because it is the form in which earbohydrates are trans- 
ported to body eells. Frnetose and galaetose are other hex- 
oses found in foods. Glneose, frnetose, and galaetose have 
the same moleenlar formnla (G^Hi^O^), but are ehemieally 
bonded differently. Moleenles with the same moleenlar 
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(a) Dehydration synthesis reaetion 


Reaetant 



(b) Hydrolysis reaetion 


Figure 2.12 Basie model for (a) dehydration synthesis and (b) hydrolysis reaetions. 


formula but different structures are ealled isomers. Mono- 
saeeharides are ehemieally eombined to prodnee larger 
earbohydrates. 

The ehemieal eombination of two monosaeeharides 
forms a dìsaeeharìde (di -sak'-ah-rid), a double sugar. The 
eommon disaeeharides in foods are maltose, or malt sugar 
(glucose + glucose), saerose, or table sugar (glucose + 
fructose), and laetose, or dairy sugar (glucose + galaetose). 

A polysaeeharide (poTé -sak'-ah-ri d) is formed 
by the ehemieal eombination of many monosaeeharide 
units. Two polysaeeharides are important to our smdy: 
glyeogen and stareh. Both are formed of many glneose 
units. 

Glyeogen is the storage form of earbohydrates in 
animals, inelnding humans. Some of the excess glneose 
in blood is eonverted into glyeogen and stored primarily 
in the liver, but small amounts are stored in muscle eells. 
Glyeogen serves as a reserve energy supply that ean be 
quickly eonverted into glneose. For example, whenever 
the level of blood glneose deelines, the liver eonverts gly- 
eogen into glneose via eatabolie (hydrolysis) reaetions to 
inerease the blood glneose level. 

Stareh is the storage form of earbohydrates in 
plants, so it is present in many foods derived from plants. 


Lipids 

Lipids are a large, diverse group of organie eomponnds 
that eonsist of earbon, hydrogen, and oxygen atoms. Car- 
bon atoms form the baekbone of the moleenles, and there 
are many times more hydrogen atoms than oxygen atoms. 
The most abnndant lipids in the body are triglyeerides 
(fats), phospholipids, and steroids. 

Moleenles of triglyeerides (tri -glys'-er-ids), or fats, 
eonsist of one glyeerol (glys'-er-ol) moleenle and three fatty 
aeid moleenles joined together (figure 2.14). Triglyeerides 
are the most eoneentrated energy source found in the 
body and are the most abnndant lipids in our diet. Excess 
nutrients (energy reserves) are stored as triglyeerides in the 
adipoeytes of the body, primarily around internal organs 
and deep to the skin. Fats are nonpolar moleenles that do 
not mix well with water, meaning they are hydrophobie. 

Phospholipids (fos'-fó-lip'-idz) are moleenles simi- 
lar to triglyeerides. The basie differenee is that one of 
the fatty aeids is replaeed with a phosphate-eontaining 
group. IJnlike fats, phospholipids are partially solnble in 
water, or amphiphilie. The end of the moleenle with the 
phosphate-eontaining group is polar and therefore solu- 
ble in water but not in lipids, while the end with the 
two fatty aeids is nonpolar and therefore lipid-soluble 
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(e) Glyeogen (a type of polysaeeharide) 


Figure 2.13 (a) The building units of earbohydrates are monosaeeharides. (b) Two monosaeeharides eombine to 
form a disaeeharide. (e) The eombination of many monosaeeharide units forms a polysaeeharide. 
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Glyeerol + fatty aeid 


Dehydration 
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Figure 2.14 A triglyeeride molecule eonsists of three fatty aeids joined to a glyeerol molecule by three successive 
dehydration synthesis reaetions. 
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niea 


nsiqh 


Triglyeerides may be elassified as either saturated 
or unsaturated fats. In satarated fats (e.g., anima 
fats), the bonds of the earbon atoms in the fatty aeids 
are saturated (filled) by hydrogen atoms so that the 
earbon-earbon bonds are all single bonds. Saturated 
fats, such as butter and lard, are solid at room 
temperature. Excessive saturated fats in the diet are 
assoeiated with an inereased risk of heart disease 
(eoronary artery disease). 

In unsaturated fats (plant oils), not all earbon 
bonds in the fatty aeids are filled with hydrogen atoms, 
and one or more double earbon-earbon bonds are 
present. Fatty aeids of monounsaturated fats (e.g., 
olive, peanut, and eanola oils) have one earbon-earbon 
double bond; those of polyunsaturated fats (e.g.. 


eorn, safflower, and soy oils) have two or more earbon- 
earbon double bonds. Unsaturated fats occur as oils at 
room temperature. 

Hydrogenation, the proeess of adding hydrogen 
atoms to unsaturated fats, eonverts most earbon- 
earbon double bonds to earbon-earbon single 
bonds and ehanges vegetable oil to a solid (e.g., 
margarine) at room temperature. This proeess also 
ehanges the bonding pattern of some fatty aeids to 
form trans fats, which inerease the risk of eoronary 
artery disease even more than do saturated fats. It 
is better to eook with oils than with lard or marga- 
rine because saturated and trans fats are more easily 
eonverted into the “bad” eholesterol assoeiated with 
heart disease. 
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but insoluble in water. Thus, phospholipids ean join-or 
serve as an interfaee between-a water environment on 
one side and a lipid environment on the other. They 
are major eomponents of plasma membranes, that sur- 
round eells and eertain organelles within the eell (see 
ehapter 3). Figure 2.15 shows the basie structure of a 
phospholipid molecule. 
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Figure 2.15 In a phospholipid, one fatty aeid is 
replaeed by a polar phosphate-eontaining group. 


Steroids eonstimte another group of lipids, and 
their moleenles eharaeteristieally eontain four earbon 
rings. eholesterol (kó-les'-ter-ol), vitamin D, eertain adrenal 
hormones, and sex hormones are examples of steroids. 
Figure 2.16 shows several examples of steroids. Gholesterol 
is an essential eomponent of body eells and serves as the 
raw material for the synthesis of other steroid moleenles. 

Proteins 

Proteins (pro'-téns) are large, complex moleenles eom- 
posed of smaller moleenles (bnilding units) ealled amino 
aeids. There are 20 different kinds of amino aeids used 
in bnilding proteins, and eaeh is eomposed of earbon, 
hydrogen, oxygen, and nitrogen. Eaeh amino aeid eon- 
sists of a eentral C atom which is attaehed to 4 sepa- 
rate eomponents. Three eomponents are the same in all 
amino aeids. The first is simply a hydrogen atom, and the 
other two are the eomponents for which an amino aeid is 
named, an amine groap (-NH^) and an aeid groap (-COOH). 


Side ehain 



Four earbon 
rings 



(a) Generalized steroid 


(e) Estradiol 




(b) Gholesterol 



(d) Testosterone 


Figure 2.16 Note the four earbon rings, which are 
eharaeteristie of steroids. Garbon and hydrogen atoms 
are not all shown in these shorthand structures. 
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However, it is the side ehain, ealled the R group, that 
distingnishes the different kinds of amino aeids and their 
ehemieal properties. Fignre 2.17 depiets the basie strne- 
ture of an amino aeid as well as examples of the four 
types of amino aeids. 

Amino aeids are joined by peptide bonds. Two 
amino aeids bonded together form a dipeptide. A ehain 
of many amino aeids forms a polypeptide. A ehain of 
more than 50 amino aeids forms a protein. As figure 2.18 
shows, the sequence of amino aeids is the primarg 
straetare of the protein. The long ehain of amino aeids 
forms hydrogen bonds between polar parts of the poly- 
peptide, eansing varions areas of the moleenle to twist 
(helix) and/or fold (pleated sheet). Heliees (plural of helix) 
and pleated sheets are examples of seeondarg straetares. 
The polypeptide then folds in response to the watery 
environment of the human body. The folding resnlts in 
a tertiarg straetare with mostly hydrophobie amino aeids 
at its interior and hydrophilie amino aeids exposed to 
the watery exterior. The result is that eaeh speeifie poly- 
peptide or protein has a unique three-dimensional shape. 


In some instanees mnltiple polypeptides eombine to 
form a protein. In these eases the protein is said to have 
gaaternarg straemre. 

Proteins may be elassified as either strnemral or 
fnnetional proteins. Straetaral proteins eompose parts of 
body eells and tissnes, where they provide snpport and 
strength in binding parts together. Ligaments, tendons, 
and eontraetile fibers in mnseles are eomposed of struc- 
mral proteins. Fanetional proteins perform a variety of dif- 
ferent fnnetions in the body. Antibodies, which provide 
immnnity, transport proteins, which earry snbstanees 
throughout the body and in and out of eells, and enzgmes, 
which speed up ehemieal reaetions, are examples of func- 
tional proteins. 

Enzymes Without enzymes, the body's ehemieal 
reaetions would occur too slowly to maintain life. Body 
eells eontain thonsands of enzymes, and eaeh enzyme 
eatalgzes (speeds up) a particular ehemieal reaetion. 
An enzyme may eatalyze synthesis, deeomposition, or 
exchange reaetions. A single enzyme may also eatalyze a 
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Figure 2.17 AminoAeids. 

(a) The basie structure of an amino aeid. (b) Representative amino aeids. Note that the hydrogen atom, the amine group, 
and aeid group are the same in all amino aeids. It is only the R group that is different among different amino aeids. 
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reversible reaetion in both direetions. Fignre 2.19« illns- 
trates enzyme aetion in an exchange reaetion. 

The enzyme must have just the right shape so 
the substrate (or reaetant) molecule(s) ean fit onto the 
aetive site of the enzyme, somewhat like a pieee of 
a puzzle. The aetive site is where the reaetion occurs. 
The enzyme binds to the snbstrate to form an enzyme- 
sabstrate complex where ehemieal bonds are formed 
between snbstrate moleenles in synthesis reaetions, or 
ehemieal bonds of the snbstrate moleenle are broken 
in deeomposition reaetions. Onee the reaetion has 
oeenrred, the prodnet separates from the enzyme. 
The enzyme is not altered in the reaetion and may be 
reeyeled and used again and again. A single enzyme may 
eatalyze thonsands of reaetions. An enzymatie reaetion 
may be generalized as 


E + S 


ES 


E + P 


Like other proteins, the three-dimensional shape of an 
enzyme is determined by hydrogen bonds. Hydrogen bonds 
are easily broken by several faetors, such as temperamre 


Peptide bonds 


(a) 


Polypeptide 












(b) Primary structure 



p-pleated sheet 
(Seeondary structure) 


a helix 



(d) Tertiary structure 


(e) Seeondary structure 


(e) Quaternary structure 


Figure 2.18 (a) The formation of a peptide bond. (b-e) The primary structure of a polypeptide ultimately determines 
how it folds into a more complex structure. 
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A + B---e + D 

(substrate) Enzyme (products) 



Enzyme and substrates Enzyme-substrate complex Enzyme (unchanged) 

and products 

(á) Enzymatie reaetion 



Substrate B enzyme 

(b) Effeet of structure ehange 
on enzyme aetivity 


Figure 2.19 A Model of Enzyme Aetion. 

(o) An exchange reaetion. The substrates bind to the 
aetive site of the enzyme vvhere the reaetion occurs. 
Then the products are released, and the enzyme is 
reeyeled. (ò) Denaturation inaetivates an enzyme by 
ehanging the shape of the aetive sites. 


and pH ehanges, poisons, and radiation. If an enzyme's 
hydrogen bonds are altered, its shape is ehanged, and 
the enzyme is denamred (inaetivated) (see fignre 2.19b). 
Beeanse it eannot bind to the snbstrate, the reaetion it 
eatalyzes will not oeenr. If the reaetion is vital, the resnlt 
ean be fatal. 

Nucleic Aeids 

Nucleic (nii-klá'-ie) aeìds are the hnman body's largest 
moleenles. Two types of nneleie aeids oeenr in eells: 
DNA and RNA. Deoxyribonucleic (dè-ok"-se-ri"-bò- 
nu-klá '-ie) aeid (DNA) eomposes the hereditary portion 
of ehromosomes in the eell nucleus. DNA eontains the 
genetie eode, eneoded information that determines hered- 
itary traits and eellnlar fnnetions. One way the genetie 
eode does this is by determining the strnemre of pro- 
teins. The portions of DNA that eneode for speeifie pro- 
teins are ealled genes (jèns). Ribonneleie aeid (RNA) 


earries the eoded instmetions from DNA to the eellnlar 
maehinery involved in protein synthesis. 

Both DNA and RNA eonsist of repeating bnilding 
units ealled nneleotides (mi'-klè-ó-tids). Eaeh nneleotide 
eonsists of three parts: a five-earbon sugar, a phosphate 
group, and a nitrogenons base. Figure 2.20 shows the 
typieal structure of a deoxyribonucleotide and a ribonu- 
eleotide as well the five possible nitrogenous bases used 
in nneleie aeids. 

DNA eonsists of two strands of nneleotides joined 
together by hydrogen bonds that form between the 
eomplementary pairing nitrogenons bases. It snperfi- 
eially resembles a 'Twisted ladder,'' see figure 2.21. The 
"'sides of the laddeE' are formed of deoxyribose sugars 
and phosphate groups. The 'Tungs of the laddeE' are 
eomposed of the paired nitrogenons bases: adenine 
(A) pairs with thymine (T), and eytosine (C) pairs 
with gnanine (G). In eontrast, RNA eonsists of a single 
strand of nneleotides. The baekbone is formed of 
ribose sugar and phosphate, and the nitrogenons bases 
are adenine, uracil, eytosine, and gnanine. Note that 
uracil is present in RNA instead of thymine, which 
occurs in DNA. 

Adenosine Triphosphate (ATP) 

Adenosine (ah-den'-ó-sèn) triphosphate (tri -fos'-fàt), or 
ATP, is a modified nneleotide that eonsists of adenosine 
and three phosphate groups. The last two phosphate 
groups are joined to the moleenle by speeial bonds ealled 
high-energy phosphate bonds. In figure 2.22Ò, these bonds 
are represented by wavy lines. Energy in these bonds is 
released to power ehemieal reaetions within a eell. In this 
way, ATP provides immediate energy to keep eellnlar 
proeesses operating. 

Energy extracted from nntrient moleenles by eells 
is temporarily held in ATP and then released to power 
ehemieal reaetions. When the terminal high-energy phos- 
phate bond of ATP is broken and energy is transferred, ATP 
is broken down into adenosine diphosphate (ADP) 
and a low-energy phosphate group (Pi). The addition of 
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Phosphate group 


O 

“O—P—o 
0“ 



NH 


N 


Base (eytosine) 


N 




Sugar (deoxyribose) 




Typieal deoxyribonucleotide 


Phosphate group 


O 

“O—P—o 
0 “ 



NH 


N 


Base (eytosine) 


N 



H 


e 


e 


Sugar (ribose) 



Typieal ribonucleotide 


Purines 



Adenine (A) 



NH2 

Guanine (G) 


Pyrimidines 



Thymine (T) 

(DNA only) 


Gytosine (C) 



Uracii (U) 

(RNA only) 


Typieal bases 


Figure 2.20 Nucleotide structure and the five nitrogenous bases. 



Sugar-phosphate 

baekbone 


Sugar-phosphate 

baekbone 





Figure 2.21 The structure of DNA. 

(a) A model shovving the double helix or “tvvisted ladder” structure of DNA. (b) A small segment of DNA shovving 
sugar-phosphate molecules forming the baekbone of eaeh strand, and the strands joined together by hydrogen 
bonds formed betvveen the paired nitrogenous bases. (e) A more complex molecular model. 
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Triphosphate Adenosìne 

(a) A moleeolar model of ATP 




0“ O" O" 

Phosphate groups 




HO OH 


Ribose 

- 1 - 

Adenosine 


Adenosine monophosphate (AMP) 


Adenosine diphosphate (ADP) 

- 1 - 

Adenosine triphosphate (ATP) 


(b) ATP structure 


Bond 
formation 


KINETie 

energy 




ehemieal potential 
energy is stored in 
high-energy 
bonds of ATP 


Bond is broken 


KINETie 

energy 


(e) ATP synthesis 


Figure 2.22 The breakdovvn of ATP forms ADP and a 
phosphate group and releases energy to povver cellular 
reaetions. ATP is synthesized from ADP, phosphate, and 
energy extracted from nutrients. 


a high-energy phosphate group to ADP re-forms ATP. 
ATP is continuously broken down into ADP to release 
energy, and it is re-formed as energy is made available 
from nntrients (figure 2.22c). 



eheek 



IJnderstanding 



10. What distinguishes the ehemieal structure and 
fnnetions of earbohydrates, lipids, proteins, and 
nneleie aeids? 

11. What is the role of enzymes in body eells? 

12. What is ATP, and what is its role in body eells? 

V___ J 



2.1 Atoms and Elements 

• Matter is eomposed of elements, substances that eannot 
be broken down into simpler substances by ehemieal 
means. 

• Oxygen, earbon, hydrogen, and nitrogen form 96% of the 
human body by weight. 

• An atom is the smallest unit of an element. 

• An atom eonsists of a nucleus formed of protons (+1) 
and nentrons (0) and eleetrons (— 1) that orbit around the 
nucleus. 

• Eleetrons fill eleetron shells from inside to ontside. 

• The ontermost shell eontaining eleetrons is the valenee 
shell. 

• Elements are eharaeterized by their atomie nnmbers, 
ehemieal symbols, and atomie mass. 


• Isotopes of an element have differing nnmbers of 
nentrons. 

• Radioisotopes emit radiation. 

2.2 Molecules and Compounds 

• A moleenle is formed of two or more atoms joined by 
eovalent bonds. 

• A eomponnd is formed of atoms from two or more 
elements eombined by ionie or eovalent bonds. 

• A moleenlar formnla indieates the types of elements 
and number of atoms of eaeh element in a moleenle or 
eomponnd. 

• A strnemral formnla adds to a moleenlar formnla by also 
showing how the atoms fit together. 

• ehemieal bonds join atoms to form moleenles. 
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• An ionie bond is the foree of attraetion between two 
ions with opposite eleetrieal eharges. It resnlts from 
one atom donating one or more eleetrons to another 
atom. 

• A eovalent bond is formed between two atoms by the 
sharing of eleetrons in the valenee shell. 

Nonpolar eovalent bonds share eleetrons equally; polar 
eovalent bonds share eleetrons unequally. 

Nonpolar snbstanees are hydrophobie (water fearing); 
polar snbstanees and ions are hydrophilie (water loving). 

• A hydrogen bond is a weak foree of attraetion between 
a slightly positive H atom and a slightly negative atom 
either in the same moleenle or in different moleenles, or 
between ions and polar moleenles. 

• Synthesis reaetions eombine simpler snbstanees to 
prodnee more complex snbstanees. 

Deeomposition reaetions break down complex 
snbstanees into simpler snbstanees. 

Exchange reaetions involve both deeomposition of the 
reaetants and synthesis of new prodnets. 

Reversible reaetions may occur in either direetion 
depending on the environment. 

2.3 Compounds Composing 

the Human Body 

• inorganie eomponnds do not eontain both earbon and 
hydrogen. Organie eomponnds eontain both earbon and 
hydrogen. 

• Water (H^O) is the most abnndant inorganie moleenle in 
the body, and it is the solvent of living systems. 

• There are two major water eompartments: intraeellnlar 
fluid (65% of body water) and extracellular fluid (35% of 
body water). 

• Eleetrolytes ionize (dissoeiate) in water, prodneing ions. 
The resnlting solntion ean eondnet eleetrieity. 
Noneleetrolytes are snbstanees that do not prodnee ions 
in water, and they do not eondnet eleetrieity. 

• An aeid releases H”^ in an aqueous solution, and a base 
releases OH“ or absorbs H“^ in an aqueous solution. 

pH is a measnre of the relative eoneentrations of H“^ and 
OH“ in a solntion. 


A buffer keeps the pH of a solution relatively eonstant by 
pieking up or releasing H“^. 

A salt releases positively and negatively eharged ions in 
an aqueous solution, but they are neither H“^ nor OH~. 
Organie moleenles are synthesized by dehydration syn- 
thesis and broken down by hydrolysis. 

Garbohydrates are eomposed of C, H, and O with a 
2:1 ratio between H and O. 

Monosaeeharides are the bnilding units of earbohydrates. 
Disaeeharides eonsist of two monosaeeharides. Polysae- 
eharides are formed of many monosaeeharides. 

Lipids are a diverse group of organie eomponnds that 
inelnde triglyeerides, phospholipids, and steroids. 
Triglyeerides (fats) eonsist of three fatty aeids bonded to 
glyeerol. Dnsamrated fats differ from samrated fats by 
having one or more double earbon-earbon bonds in their 
fatty aeids. Excess nntrients are stored as fats. 
Phospholipids eonsist of two fatty aeids and a phosphate- 
eontaining group bonded to glyeerol. 

Steroids are an important group of lipids that includes 
sex hormones and eholesterol. 

Proteins are large moleenles formed of many amino aeids. 
The 20 different kinds of amino aeids are distingnished 
by their R groups. 

Amino aeids are joined by peptide bonds. 

Stmemral proteins form parts of eells and tissnes. 
Fnnetional proteins inelnde enzymes, transporters, 
and antibodies. 

Enzymes eatalyze ehemieal reaetions. 

Nneleie aeids are very large moleenles formed of many 
nneleotides. 

A nneleotide eonsists of a five-earbon sugar (ribose in 
RNA and deoxyribose in DNA), a phosphate group, and a 
nitrogenons base. 

There are two types of nneleie aeids: deoxyribonucleic 
aeid (DNA) and ribonneleie aeid (RNA). DNA determines 
hereditary traits and eontrols eellnlar fnnetions. RNA 
works with DNA in the synthesis of proteins. 

Adenosine triphosphate (ATP) is a modified nneleotide 
that temporarily holds energy in high-energy phosphate 
bonds and releases that energy to power ehemieal 
reaetions in a eell. 


S e I f- R e V i e vv 


Answers are loeated in Appendix B. 

1. An atom eontains the same number of eleetrons 

as_. 

2. An_is an atom with a net eleetrieal eharge. 

3. A_is eomposed of two or more atoms from 

different elements ehemieally bonded to eaeh other. 

4. When atoms share eleetrons, a_bond is formed. 

5. The most abnndant eomponnd in the body is_. 

6. An aeid has a pH_than 7. 


7. In a_reaetion, smaller moleenles are eombined to 

form a larger moleenle. 

8. The bnilding units of a earbohydrate are_. 

9. The bnilding units of proteins are_. 

10. The bnilding units of nneleie aeids are_. 

11. Glyeerol and fatty aeids eombine to form_. 

12. _is the energy earrier that releases energy to 

power eellnlar proeesses. 
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Crìtìcal ThìnkìnR 

1. Draw at least four isomers of the molecule 

2. Potassium (K) has an atomie number of 19. How many eleetrons are in its valenee shell? What type of ehemieal bond is it likely 
to form? 

3. The pH of an aqueous solution is 6.0. Explain how the addition of the following snbstanees would alter (or not alter) the pH of 
the solntion. 

a. HC1 b. NaOH e. HOH 

4. Explain how ehanges in pH might affeet protein strnemre. 
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GHAPTER 





As a living structure, a eell possesses numerous organelles that earry 
out the ehemieal proeesses neeessary to maintain homeostasis. Learning 
the relationships betvveen organelle structure and function ean be quite 
ehallenging for students ovvingto their mieroseopie nature and the complexity 
of the ehemieal proeesses involved. So for a moment, imagine that you are 
a eell, a small living unit vvithin the body. Every day, numerous ehallenges 
must be overeome to survive but, vvithin you, there are structures that do 
just that. For example, if you need to obtain nutrients or remove vvastes, you 
have an outer boundary that eontrols the movement of ehemieals. If energy 
is needed to earry out a ehemieal proeess, you have structures that make 
the energy in your nutrients aeeessible. In order to respond to ehanges in 
your surroundings, you have the ability to communicate vvith other eells by 
deteeting or producing ehemieal and eleetrieal signals. By making cellular 
structures and functions relate to you and your real-vvorld experiences, you 
vvill ereate a vvay to better “visoalize" and understand the mieroseopie vvorld 
vvithin your body. 
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• Mitotie Cell Division 

ehapter Summary 
Self-Review 
Critical Thinking 



my* 
iology 

aprevealed.eom 



Module 2 


Gells &. ehemistry 











50 


ehapter 3 Cell 


SELEGTED KEY TERMS 


Aetive transport Movement of 
snbstanees aeross a plasma mem- 
brane, requiring the expenditure 
of energy by the eell. 

Cell (eella = room, eell) The 
simplest strnemral and fnnetional 
living unit of organisms. 

Cellular respiration Breakdown 
of organie nntrients in eells, to 
release energy and form ATP. 
eentrioles (eentr = eenter) 
Paired eylindrieal organelles that 
form the spindle during eell 
division. 

ehromosome (ehrom = eolor; 
soma = body) A threadlike or 
rodlike structure in the nucleus 
that is eomposed of DNA and 
protein. 

eytoplasm (eyt = eell; plasma = 
molded) The semiflnid snbstanee 


loeated between the nucleus and 
the plasma membrane. 
eytosol (sol = solnble) The 
gel-like fluid of the eytoplasm. 
Diffnsion Passive movement of 
snbstanees from an area of higher 
eoneentration to an area of lower 
eoneentration. 

Endoeytosis (end = inside; eyt = 
eell; sis = eondition) The proeess 
by which a eell engnlfs snbstanees 
by invagination of the plasma 
membrane. 

Exocytosis (exo = ontside) The 
proeess by which a eell releases 
snbstanees by fusion of a vesiele 
with the plasma membrane. 
Mitosis (mit = thread; sis = eon- 
dition) Separation and distribntion 
of ehromosomes to danghter eells 
during mitotie eell division. 


Nucleus (nucle = kernel) Spheri- 
eal organelle eontaining ehromo- 
somes and eontrolling eellnlar 
fnnetions. 

Organelle (elle = little) A speeifie 
structure within a eell that performs 
a speeifie fnnetion. 

Osmosis The passive movement 
of water aeross a seleetively perme- 
able membrane. 

Passive transport Movement of 
snbstanees aeross a plasma membrane 
without expenditure of energy by 
the eell. 

Plasma membrane Outer bound- 
ary of a eell. 

Seleetively permeable membrane 

A membrane that allows some, but 
not all, snbstanees to pass aeross it. 


THE HLIMAN BODY is eomposed of about 75 trillion 
eells, the smallest living units that exist. Body eells ean 
be elassified into about 300 types, such as neurons, epi- 
thelial eells, muscle eells, and red blood eells. Eaeh type 
of eell has a unique structure for performing speeifie 
fnnetions. Althongh these eells vary in size, shape, and 
fnnetion, they exhibit many structural and hmetional 
similarities. 

Human eells are very small and are visible only with 
a mieroseope. Knowledge of eell strnemre is based largely 
on the examination of eells with an eleetron mieroseope, 
a type of mieroseope that provides magnifieations up to 
200,000 X or more. 

3.1 Cell Structure 

Learning Objeetive 

1. Deseribe the structure and function(s) of eaeh part of 
a generalized eell. 

Although human eells are small, they are amazingly eom- 
plex with many speeialized parts. The eomposite eell in 
figure 3.1 illustrates the major structures known to eom- 
pose human eells. These strnemres are shown as they 
appear in eleetron mieroseope images. Most, but not all, 
of these stmemres are found in eaeh human eell. The 
three eommon parts found in all the eells are the plasma 
membrane, eytoplasm, and nucleus. The other structures 


may or may not be present, depending on eell type. As 
eaeh part of a eell is disenssed, note its stmemre and rela- 
tionship to other stmemres in figure 3.1. 

The Plasma Membrane 

The plasma membrane forms the outer boundary of 
a eell. It maintains the integrity of the eell and separates 
the intraeellnlar fluid from the extracellular fluid sur- 
rounding the eell. The plasma membrane eonsists of two 
layers of phospholipid moleenles, aligned baek-to-baek, 
with their fatty aeid tails forming the internal layer of the 
membrane and their polar heads faeing the extracellular 
and intraeellnlar fluids (figure 3.2). Gholesterol molecules 
are seattered among the phospholipids, where they serve 
to inerease the stability of the plasma membrane. The 
fatty aeid tails of the plasma membrane allow lipid-solu- 
ble substances to pass aeross the membrane but prevent 
the passage of water-soluble substances. Thus, the plasma 
membrane serves as a barrier between water-soluble sub- 
stanees in the intraeellnlar and extracellular fluids. 

Many different types of protein moleenles are 
embedded in the plasma membrane, and eaeh type has 
speeifie fnnetions. Some proteins form ehannels or pores 
throngh which water and water-soluble substances move 
aeross the membrane. Some of these proteins allow a 
variety of snbstanees to pass aeross; others permit only 
speeifie moleenles or ions to enter or exit a eell. Some pro- 
teins serve as reeeptors for snbstanees, such as hormones. 
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Figure 3.1 A eomposite human eell shovving the major organelles. No eell eontains all of the organelles shovvn. lÀPlRl 
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Figure 3.2 The plasma membrane is eomposed of two layers of phospholipid molecules with seattered embedded 
protein and eholesterol molecules. The hydrophilie heads of the phospholipids faee the extracellular and intracellular 
fluids, and the hydrophobie tails form the internal layer of the membrane. 
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that inflnenee the fnnetion of a eell. Other proteins are 
enzymes that eatalyze metabolie reaetions. Gertain pro- 
teins, in eombination with earbohydrate moleenles, serve 
as identifieation markers allowing eells to reeognize eaeh 
other. These identifieation markers allow the lymphoid 
system to reeognize "'selP eells from "'nonselP (foreign) 
eells, a distinetion essential in fighting pathogens. 

All materials that enter or exit a eell must pass 
aeross the plasma membrane. The plasma membrane is a 
seleetively permeable membrane because it allows 
only eertain snbstanees to enter or exit the eell. Whether 
or not a snbstanee ean pass aeross the membrane is deter- 
mined by a number of faetors that include the substance's 
size, solnbility, eleetrieal eharges, and attaehment to ear- 
rier proteins (disenssed later in the ehapter). 

eytoplasm 

The interior of a eell between the plasma membrane 
and the nucleus is filled with a semifluid material ealled 


eytoplasm (sì '-tò-plasm). It is eomposed of a gel-like fluid 
ealled eytosol, which is 75-90% of water and eontains 
organie and inorganie snbstanees, and small subcellular 
structures known as organelles. 

Organelles 

A variety of organelles (or-gah-nel'z), or little organs, are 
surrounded by eytosol. Organelles are distingnished by 
size, shape, structure, and speeifie fnnetion. Table 3.1 
snmmarizes the strnemre and fnnetions of the major parts 
of a eell. 

Nucleus 

The largest organelle is the nucleus (nu'klè-us), a spheri- 
eal or egg-shaped structure that is slightly more dense 
than the surrounding eytoplasm. It is separated from the 
eytoplasm by a double-layered nuclear envelope eon- 
taining numerous pores that allow the movement of mate- 
rials between the nucleus and eytoplasm. 


Table 3.1 Summary of Cell Parts 

eomponent Structure Function 


Plasma membrane 


Gytosol 

Organelles 

Nucleus 

Endoplasmie 
reticulum (ER) 

Ribosomes 
Golgi complex 


Mitoehondria 

Lysosomes 

Mierofilaments 

Microtubules 

Mierovilli 

Gentrioles 

Gilia 

Elagella 

Vesieles 


Phospholipid bilayer vvith proteins and eholesterol 
molecules embedded in it 

Gel-like fluid surrounding organelles 

Largest organelle; eontains ehromosomes and nucleoli 

System of membranes extending through the eytoplasm; 
RER has ribosomes on the membrane; SER does not 

Tiny granules of rRNA and protein either assoeiated 
vvith RER or free in eytoplasm 

Series of staeked membranes near nucleus; assoeiated 
vvith ER 

Gontain a folded internal membrane vvithin a smaller 
external membrane 

Small vesieles eontaining strong digestive enzymes 

Thin rods of protein dispersed in eytoplasm 

Thin tubules dispersed in eytoplasm 

Numerous, tiny extensions of the plasma membrane 
on eertain eells 

Tvvo short eylinders formed of microtubules; loeated 
near nucleus 

Numerous short, hairlike projeetions from eertain eells 

Long, vvhiplike projeetions from sperm 

Tiny membranous saes eontaining substances 


Seleetively eontrols movement of materials into 
and out of the eell; maintains integrity of the eell; 
has reeeptors for hormones 

Site of numerous ehemieal reaetions 

Gontrols cellular functions 

Serves as sites of ehemieal reaetions; ehannels 
for material transport vvithin eell 

Sites of protein synthesis 

Sorts and paekages substances in vesieles 
for export from eell or use vvithin eell; forms 
lysosomes 

Sites of aerobie respiration that form ATP from 
breakdovvn of nutrients 

Digest foreign substances or vvorn-out parts 
of eells 

Provide support for eell; eontraetion causes eell 
movement 

Provide support for eell, eilia, and flagella; form 
spindle during eell division 

inerease the surface area, vvhieh aids absorption 

Eorm spindle fibers during eell division 

Move materials along the free surface of eells 
Enable movement of sperm 
Transport or store substances 
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Figure 3.3 (a) The nuclear envelope is seleetively permeable and allovvs eertain substances to pass. (b) Details of the 
nuclear envelope. (e) Transmission eleetron photomierograph of a eell nucleus (8,000x). 


ehromosomes (krò'-mó-sóms), the most important 
strnemres vvithin the nnelens, eonsist of DNA and proteins. 
The DNA of ehromosomes eontains eoded instrnetions, 
ealled genes, that determine the fnnetions of the eell (see 
ehapter 18 for the details). When a eell is not dividing, ehro- 
mosomes are extended to form thin threads that appear as 
ehromatin (kró '-mah-tin) granales when viewed mieroseopi- 
eally, as in fignre 3.3. Dnring eell division, the ehromosomes 
eoil, shorten, and beeome rod-shaped (see fignre 3.19). Eaeh 
hnman body eell eontains 23 pairs of ehromosomes, with a 
total of 46 in all. 

One or more dense spherieal bodies, ealled the 
nucleolus (mi-klé-ó-lns) or nucleolì (nu-klè-ò-lé), are 
also present in the nucleus. A nucleolus eonsists of RNA 
and protein and is the site of ribosome prodnetion. 

Ribosomes 

Ribosomes are tiny organelles that appear as grannles 
within the eytoplasm even in eleetron photomierographs. 
They are eomposed of ribosomal RNA (rRNA) and proteins. 


which are preformed in a nucleolus before migrating from 
the nucleus into the eytoplasm. Ribosomes are the sites 
of protein synthesis in eells. They may occur singly or 
in small elnsters and are loeated either on the endoplas- 
mie reticulum (figure 3.4) or as free ribosomes in the 
eytoplasm. 

Endoplasmie Reticulum 

The numerous membranes that extend from the nucleus 
throughout the eytoplasm are eolleetively ealled the 
endoplasmie reticulum (en"-dó -plas'-mik ré -tik'-u -lum), 
or ER for short. These membranes provide some snpport 
for the eytoplasm and form a network of ehannels that 
faeilitate the movement of materials within the eell. 

There are two types of ER: rough ER and smooth 
ER. Roagh endoplasmie retiealam (RER) is eharaeterized by 
the presenee of numerous ribosomes loeated on the outer 
surface of the membranes. Smooth endoplasmie retiealam 
(SER) laeks ribosomes and serves as a site for the synthesis 
of lipids (see figure 3.4). 
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Figure 3.4 (o) Rough ER is dotted with ribosomes, and 
smooth ER laeks ribosomes. (b) Transmission eleetron 
photomierograph of ER (100,000x). |APIR] 



(a) 




Figure 3.5 (a) The Golgi complex paekages substances 
in vesieles that move within the eell or to the plasma 
membrane to release the substances outside the eell. 

('òj Transmission eleetron photomierograph ofGolgi 
complex (100,000x). 


Golgi Complex 

This organelle appears as a staek of flattened membra- 
nous saes that are usually loeated near the nucleus and 
in elose assoeiation with the nucleus and ER. The Golgi 
(Gor-jé) complex proeesses and sorts synthesized sub- 
stanees, such as proteins, into vesieles. Vesieles, or 'Tittle 
bladders,'' are tiny membranons saes that earry snbstanees 
from plaee to plaee within a eell. Seeretory vesieles trans- 
port snbstanees to the plasma membrane and release 
them ontside the eell (figure 3.5). 


Mitoehondria 

The mitoehondria (mi "-to-kon'-drè-ah, singnlar, mitoehondriorí) 
are relatively large organelles that are eharaeterized by 
having a folded internal membrane surrounded by a smooth 
external membrane. The internal membrane folds, ealled 
eristae (singnlar, erista), possess the enzymes involved in 
aerobie respiration. 

The release of energy from nntrients and the for- 
mation of ATP by aerobie respiration occur within mito- 
ehondria. For this reason, mitoehondria are sometimes 
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Figure 3.6 (a) A mitoehondrion and its internal membrane. (b) Transmission 
eleetron photomierograph of a mitoehondrion (40,000x). 


The Cytoskeleton 

Microtubules and mierofilaments eom- 
pose the eytoskeleton. Microtubules 
are long, thin protein tubules that 
provide support for the eell and are 
involved in the movement of organ- 
elles. The thinner mierofìlaments 
are tiny rods of eontraetile protein 
that not only snpport the eell but also 
play a role in eell movement and eell 
division. (figure 3.7). 


Centrioles 

The eentrioles (sen'-tré-olz) are two 
short eylinders that are loeated near 
the nucleus and are oriented at right 
angles to eaeh other. Nine triplets of 
microtubules are arranged in a eirenlar 
pattern to form the wall of eaeh eyl- 
inder (see figure 3.1). Gentrioles form 
and organize the spindle fibers during 
eell division (see figure 3.19), and they 
are involved in the formation of miero- 
tubules found in eilia and flagella. 


ealled the ''powerhouses'' of the eell. Mitoehondria ean 
replieate themselves if the need for additional ATP pro- 
dnetion inereases (figure 3.6). 

In addition to the nucleus, mitoehondria also eontain 
a small amount of DNA, known as mitoehondrial DNA. 
The genes earried by this DNA aeeonnt for less than 0.2% 
of the total genes in the human body, and are responsible 
only for the fnnetions of the mitoehondria. Mitoehondrial 
DNA eannot be used to establish paternity as with nnelear 
DNA, beeanse only maternal mitoehondrial DNA is passed 
on to offspring. 

Lysosomes (àpIR] 


aiia, Flagella, and Mierovilli 

eilia and flagella (singnlar, flagellnm) 
are small, hairlike projeetions from eells 
that are eapable of wavelike movement. 
eilia (sif-è-ah) are numerous, short, 
hairlike projeetions from eells that, in 
humans, are used to move substances 
along the free eell snrfaees in areas 
such as the respiratory and reprodnetive traets (figure 3.8). 
Flagella (flah-j ef-ah) are long, whiplike projeetions ffom 
eells. In humans, only sperm possess flagella, and eaeh sperm 
has a single flagellnm that enables movement. Both eilia and 
flagella eontain microtubules that originate from eentrioles 
positioned at the base of these flexible strnemres. 

Mierovilli are extensions of the plasma membrane 
that are smaller and more numerous than eilia. They do not 
move like eilia or flagella, but they inerease the snrfaee area 
of the plasma membrane and, therefore, aid absorption of 
snbstanees. Mierovilli are abnndant on the free snrfaee of 
the eells lining the intestines (see figure 3Jd). 


Lysosomes (li'-sò-sòms) are formed by the Golgi eom- 
plex. They are small vesieles that eontain powerful diges- 
tive enzymes (see figure 3.1). These enzymes are used 
to digest (1) baeteria that may have entered the eell, 
(2) eell parts that need replaeement, and (3) entire eells 
that have beeome damaged or worn out. Thus, they play 
an important role in eleaning up the cellular environ- 
ment. (figure 3.7a). 



eheek 



IJnderstanding 


1. What are the distinguishing feamres and func- 
tions of a mitoehondrion, a nucleus, the Golgi 
complex, and rough endoplasmie reticulum? 

2. What organelles enable eell movement or move- 
ment of snbstanees along the free snrfaee of the 
eells? 
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Figure 3.7 (a) Microtubules and mierofilaments. 
(b) A false-eolor eleetron photomierograph (750x) 
shovvs the microtubules and mierofilaments of the 
eytoskeleton in green. lÀPlR] 




Figure 3.8 (a) Cilia are loeated on the free surface of 
eertain eells. Because these eells are stationary, beating 
eilia move substances along the free surface of the 
eells. (b) An eleetron photomierograph of eilia (10,000x). 
(e) A light photomierograph of human sperm (1,000x). 


3.2 Transport Aeross Plasma 
Membranes 

Learning Objeetives 

2. Compare the meehanisms of passive and aetive 
transport of substances aeross the plasma membrane. 

3. Deseribe osmosis and tonieity, and the effeet of 
tonieity on the eells. 

A eell maintains its homeostasis primarily by eontrolling 
the movement of snbstanees aeross the seleetively perme- 
able plasma membrane. Some snbstanees pass aeross the 
plasma membrane by passive transport, v^hieh requires 
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no expenditure of ATP by the eell. Other substances 
move aeross the plasma membrane by aetive transport, 
which requires the eell to expend ATP. 

Passive Transport 

There are three major types of passive transport: diffnsion, 
osmosis, and filtration. Filtration is deseribed in ehapters 12 
and 16. 

Diffusion 

Diffnsion (di-fu'-zhun) is the net movement of snbstanees 
from an area of higher eoneentration to an area of lower 
eoneentration. Thus, the movement of snbstanees is along 
a eoneentration gradient, the differenee between the 
eoneentration of the speeifie snbstanees in the two areas. 

Diffnsion occurs in both gases and liquids and resnlts 
from the eonstant, random motion of snbstanees. Diffnsion 
is not a living proeess; it occurs in both living and nonliv- 
ing systems. For example, if a pellet of a water-soluble 
dye is plaeed in a beaker of water, the dye moleenles 
will slowly diffnse from the pellet (the area of higher 
eoneentration) throughout the water (the area of lower 
eoneentration) until the dye moleenles are equally distrib- 
uted, that is, at equilibrium (figure 3.9). In a similar way, 
the moleenles of eologne, on the skin of a smdent sit- 
ting in the eorner of a elassroom, will spread throughout 
the room. 

Lipid-soluble molecules, such as lipids, oxygen, ear- 
bon dioxide, and lipid-soluble vitamins, are able to diffnse 
aeross a plasma membrane along eoneentration gradients 
beeanse they ean dissolve in the phospholipid moleenles 
of the plasma membrane. This type of diffnsion is ealled 
simple diffasion (figure 3.10«) because it does not 
require the help of the membrane proteins. For example. 



Figure 3.9 An example of diffosion. As a drop of ink 
gradoally dissolves in a beaker of water, the ink moleeoles 
diffose from the region of their higher eoneentration to a 
region of their lower eoneentration. &P|R] 

the exchange of respiratory gases occurs by simple dif- 
fusion. Air in the lungs has a greater eoneentration of 
oxygen and a lower eoneentration of earbon dioxide than 
the blood does (figure 3.10«). Therefore, oxygen diffnses 
from air in the lungs into the blood, and earbon dioxide 
diffnses from the blood into the air in the lungs. 

Water-soluble molecules, such as glucose, amino 
aeids, water-soluble vitamins, and ions, eannot be trans- 
ported by simple diffnsion beeanse they eannot dissolve 
in the phospholipids. Some water-soluble substances are 
transported throngh ehannel proteins. Ghannel proteins 
are mnnel-shaped membrane proteins that ereate pores 
or openings, which allow for speeifie snbstanees to pass 
aeross the plasma membrane along their eoneentration 


Extracellular fluid 


Large polar nnolecules 


Lipid-soluble 

nnolecules 


(e) Garrier 
protein 



Figure 3.10 Diffusion. 

(a) Simple diffusion. (b) Channel-mediated diffusion. (e) Carrier-mediated diffusion. EEÌS] 
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niea 


nsiqh 


Díolysís involves the applieation of diffusion to 
remove small solute molecules aeross a selee- 
tively permeable membrane from a solution eon- 
taining both small and large molecules. Dialysis 
is the proeess that is used in artifieial kidney 
maehines. As blood is passed through a ehamber 
with a seleetively permeable membrane, sma 
waste molecules diffuse from the blood aeross 
the membrane into an aqueous solution that has 
a low eoneentration of these waste molecules. In 
this way, waste products in the blood are reduced 
to normal levels. 


gradient. Ghannel proteins are generally seleetive; this 
means they tend to allow limited snbstanees to pass aeross 
based mostly on size and eharge. This type of transport 
is ealled ehannel-mediated diffasion (fignre 3.10Ò). Other 
water-soluble substances use earrier proteins. Garrier 
proteins are membrane proteins that physieally bind to 
and transport speeifie snbstanees aeross the plasma mem- 
brane; this means that one type of earrier protein binds 
only one type of snbstanee. This type of transport is ealled 
earrier-mediated diffasion (figure 3.10c). Garrier-mediated 
diffusion is a type of faeilitated transport, which uses 
earrier proteins to faeilitate the movement of snbstanees 
aeross the plasma membrane. Garrier-mediated aetive 
transport, another type of faeilitated transport, will be dis- 
cussed later. 

Osmosis 

The passive movement of water aeross a seleetively per- 
meable membrane is ealled osmosis (os-mo'-sis). Water 
moleenles move aeross the plasma membrane from an 
area of higher water eoneentration (lower solute eoneen- 
tration) into an area of lower water eoneentration (higher 
solute eoneentration), either by erossing the plasma mem- 
brane direetly or by moving throngh a ehannel protein. 
Osmosis plays a very important role in the fnnetions of 
the eells and the whole body. Water moleenles are the 
dominant eomponents of eells and serve as the solvent of 
the other ehemieals. Also, the movement of water mol- 
ecules into and out of the eells has the ability to signifi- 
eantly affeet the volume of eells and the eoneentration of 
the ehemieals within them. 

Figure 3.11 illustrates the proeess of osmosis. The 
beaker is divided into two eompartments (A and B) by a 
seleetively permeable membrane that allows water mol- 
ecules but not sugar molecules to pass aeross it. Because 
the higher eoneentration of water is in eompartment A, 
water moves from eompartment A into eompartment B. 
Sugar molecules eannot pass aeross the membrane, so 
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Time 



Figure 3.11 Osmosis. 


water moleenles from eompartment A eontinne to move 
into eompartment B, eansing the volume of the solution 
in eompartment B to inerease as the volume of water in 
eompartment A deereases. 

Like eompartment B in figure 3.11, living eells also 
eontain many snbstanees to which the plasma membrane 
is impermeable. Therefore, any ehange in the eoneentra- 
tion of water aeross the plasma membrane will result in 
net gain or loss of water by the eell and a ehange in eell 
volume and shape. 

The ability of a solntion to affeet the tone or shape 
of living eells by altering the eells' water eontent is ealled 
tonieity. A solntion with a lower eoneentration of solntes 
(higher eoneentration of water) than the eell is ealled a 
hypotonie solntion. A eell plaeed in this solntion will 
gain water and inerease in size, which may evenmally 
lead to rupture of the eell (figure 3.12«). A solution 
with a higher eoneentration of solntes (lower eoneentra- 
tion of water) than the eell is known as a hypertonie 
solntion. A eell plaeed in this solntion will lose water 
and shrink, which may lead to eell death (figure 3.12c). 



Solutions that are administered to patients intrave- 
nously usually are isotonie. Sometimes hypertonie 
solutions are given intravenously to patients with 
severe edema, or an accumulation of excess fluid 
in body tissues. The hypertonie solution will help 
to draw the excess fluid out of the body tissue and 
into the blood, where it ean be removed by the kid- 
neys and excreted in urine. Severely dehydrated 
patients may be given a hypotonie solution orally 
or intravenously to inerease the water eoneentra- 
tion of blood and tissue fluid, by inereasing water 
movement from the digestive traet into the blood 
and from the blood into body tissues. 

V___ J 
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(a) In a hypotonie solution, there is 
a net gain of vvater by the eell, 
causing it to svvell. Llltinnately, the 
eell may burst. 


(b) In an isotonie solution, there is no 
net gain or loss of vvater by the eell; 
the shape of the eell remains 
unchanged. 


(e) In a hypertonie solution, there is a 
net loss of vvater from the eell, causing 
it to shrink. 


Figure 3.12 The effeet of tonieity on human red blood eells. 



A solmion that has the same eoneentration of solntes 
(same eoneentration of water) as the eell is an ìsotonìe 
solntion. When snrronnded by this solntion, a eell 
exhibits no net gain or loss of water and no ehange in 
volnme (fignre 3.12Ò). 

Aetive Transport 

Unlike passive transport, aetive transport requires the 
eell to expend energy (ATP) to move substances aeross a 
plasma membrane. There are three basie aetive transport 
meehanisms: earrier-mediated aetive transport, endoeyto- 
sis, and exocytosis. 


Carrier-Mediated Aetive Transport 

earrier-mediated aetive transport uses earrier pro 
teins to move snbstanees aeross the plasma membrane, 
usually opposite to (against) their eoneentration gradient, 
using energy provided by ATP. Figure 3.13 shows how a 
earrier protein, ealled the sodmm-potassmim pamp (Na^/K"^ 
pump), moves three sodium ions and two potassinm ions 
against their eoneentration gradients. The aetion of this 
pump causes a sodium gradient from ontside to inside the 
eell and a potassinm gradient from the inside of the eell 
to the ontside. The gradients established are highly impor- 
tant in the overall fnnetioning of the entire human body. 
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Figure 3.13 Carrier-mediated aetive transport. Sodium and potassium ions are moved aeross the plasma membrane 
against the eoneentration gradient by earrier-mediated aetive transport. 
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Endoeytosis and Exocytosis (àpìR] 


Materials that are too large to be transported by ehannel 
or earrier proteins must enter and exit a eell by totally 
different meehanisms. Endoeytosis (en"-dó-si-tó'-sis) is 
a proeess that uses the plasma membrane to engulf, or 
internalize, solid partieles and droplets of liquid. 

During endoeytosis, the plasma membrane flows 
around the snbstanee to be engnlfed, forms an envelop- 
ing vesiele around the snbstanee, and re-forms the plasma 
membrane exterior to the vesiele so that the vesiele and 
snbstanee are bronght inside the eell (figure 3.14«). There 
are two types of endoeytosis: pinoeytosis and phagoey- 
tosis. Pinoeytosis (pi"-nó-si-tò'-sis) is the engnlfment of 
small droplets of extracellular fluid. Phagoeytosis (fag"-ó- 
si-tó'-sis) is the engulfment of solid partieles. Many types 
of eells use these proeesses, but phagoeytosis is espeeially 
important for eertain white blood eells that engulf and 
destroy baeteria as a defense against disease. 

Exocytosis is the reverse of endoeytosis, in that it 
is used to remove large substances from eells. A seeretory 
vesiele eontaining the snbstanee forms within the eell. It 
then moves to the plasma membrane, fuses with it, and 
empties its eontents ontside of the eell (figure 3.14Ò). The 
seeretion, or release, of enzymes and hormones from eells 
involves exocytosis. Table 3.2 snmmarizes the types of 
transport aeross the plasma membrane. 



eheek 



Understandinq 


3. By what means do snbstanees enter and exit 
living eells? 


3.3 Cellular Respiration 

Learning Objeetives 

4. Deseribe cellular respiration and its importanee. 

5. Gompare aerobie respiration and anaerobie 
respiration. 

Cells require a eonstant supply of energy to power the 
ehemieal reaetions of life. This energy is direetly snpplied 
by ATP moleenles, as noted in ehapter 2. Beeanse eells have 
a limited supply, ATP molecules must eonstantly be pro- 
duced by cellular respiration in order to snstain life. 

Cellular respiration is the proeess that breaks 
down nntrients in the eells to release energy held in their 
ehemieal bonds and transfers some of this energy into 
the high-energy phosphate bonds of ATP. About 40% of 
the energy in a nntrient moleenle is 'Tapmred'' in this 
way; the remainder is lost as heat. Glneose, a earbohy- 
drate moleenle, is the primary nntrient used in eellnlar 
respiration; however, the bnilding units of proteins and 
lipids are also used (see ehapter 15 for the details). 

The aemal proeess of cellular respiration of glneose is 
complex, but may be simplified as the equation below. Note 
that the breakdown of glneose (e^Hi^Oó) requires oxygen 
(O 2 ) and yields earbon dioxide (eo^) and water (H^O). 
The energy released is used to form ATP from ADP and Pi 
(phosphate group). Some of the energy is released as heat. 
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Figure 3.14 (a) A partiele is engulfed by plasma membrane and brought into the eell by endoeytosis. (b) Partieles are 
enelosed in a seeretory vesiele and are expelled from the eell by exocytosis. 
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Table 3.2 Types of Transport Aeross the Plasma Membrane 



Meehanism 


Passìve Transport 

Simple diffosion 

ehannel-mediated 

diffosion 

earrier-mediated 

diffosion 

Osmosis 

Aetìve Transport 

earrier-mediated 
aetive transport 

Exocytosis 

Endoeytosis 

Pinoeytosis 

Phagoeytosis 


The transport that requires no expenditure of ATP by the eell 

Transport of lipid-soluble substances aeross plasma membrane along their eoneentration gradient 
without the help of membrane proteins 

Transport of water-soluble substances aeross the plasma membrane along their eoneentration gradient 
through ehannel proteins 

Movement of water-soluble substances aeross the plasma membrane along their eoneentration 
gradient by using earrier proteins that faeilitate transport by ehanging their shape 

Movement of water aeross the plasma membrane in the direetion of the more highly eoneentrated imper- 
meable solutes, either by erossing the plasma membrane direetly or by moving through a ehannel protein 

The transport that requires the expenditure of ATP by the eell 

Movement of small substances aeross the plasma membrane, by earrier proteins (pumps), usually 
opposite to the eoneentration gradient 

Movement of solid partieles out of the eell, by merging the seeretory vesiele with the plasma membrane 
and emptying its eontents into extracellular spaee 

Movement of solid partieles and droplets of liquid into the eell, by engulfing the substances with the 
plasma membrane and forming a vesiele eontaining the transported substance in the intracellular spaee 

The proeess by which eells engulf droplets of extracellular fluid 

The proeess by which eells engulf solid partieles 


Cellular respiration involves two sequential pro- 
eesses: anaerobie respiration and aerobie respiration. 
Eaeh ehemieal proeess involves many steps, with eaeh 
step requiring a speeial enzyme. However, the proeesses 
ean be simplified as shown in figure 3.15. Anaerobie 
(an-a-ró '-bik) respiration (1) does not require oxygen 


GLUCOSE 


Anaerobie 

respiration 



2 ATP 


Heat 


Aerobie 

respiration 


2 PYRUVIC 
ACID 




34-36 ATP 


Heat 


and (2) occurs in the eytosol. It breaks down a six-carbon 
glneose moleenle into two three-earbon pyrnvie aeid 
moleenles to yield a net of two ATP moleenles. The low 
level of ATP prodnetion by anaerobie respiration is insuf- 
fieient to keep a person alive. A person deprived of oxygen 
or of the ability to use oxygen in eellnlar respiration (as in 
eyanide poisoning) quickly dies because anaerobie respira- 
tion does not provide snffieient ATP to snstain life. 

Aerobie respiration, the seeond part of eellnlar 
respiration, (1) requires oxygen, (2) occurs only within 
mitoehondria, and (3) is essential for human life. Aerobie 
respiration releases the energy in the high-energy elee- 
trons prodneed by anaerobie respiration, breaks down the 
two pyrnvie aeid moleenles prodneed by anaerobie respi- 
ration into earbon dioxide and water, and yields a net of 
34-36 ATP moleenles. Thus, the respiration of a moleenle 
of glneose yields a net total of 36-38 ATP. 



eheek 



IJnderstanding 


eO^ + H 2 O 

4. What is cellular respiration and why is it 


important? 


Figure 3.15 Cellular respiration of a glucose molecule 
occurs in two major steps. Anaerobie respiration occurs 
in the eytosol, does not require oxygen, and yields a net 
of 2 ATP. Aerobie respiration occurs in mitoehondria, 
requires oxygen, and yields a net of 34-36 ATP. About 
40% of the energy in the ehemieal bonds of glucose is 
captured to form ATP molecules. 


3.4 Protein Synthesìs 

Learning Objeetives 

6. Deseribe the proeess of protein synthesis. 

7. Explain the roles of DNA and RNA in protein synthesis. 
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Proteins play a vital role in the body. Strnetnral proteins 
eompose signifieant portions of all eells, and fnnetional 
proteins, such as enzymes and hormones, direetly regu- 
late cellular aetivities. Remember that a protein is formed 
of a long ehain of amino aeids joined together by peptide 
bonds. Protein synthesis involves plaeing a speeifie amino 
aeid in the eorreet position in the amino aeid ehain. 

DNA and RNA are intimately involved in the syn- 
thesis of proteins. 

The Role of DNA 

Reeall the structure of DNA deseribed in ehapter 2. The 
two eoiled strands of nneleotides are joined by hydrogen 
bonds between the nneleotide bases in eaeh strand by 
eomplementary base pairing. Adenine (A) pairs with thy- 
mine (T), and eytosine (C) pairs with gnanine (G). 

The sequence of bases in a DNA moleenle eneodes 
information that determines the sequence of amino aeids 
in a protein. More speeifieally, a sequence of three nucle- 
otide bases (a triplet) in DNA eneodes for a speeifie amino 
aeid. For example, a sequence of ACA eneodes for the 
amino aeid eysteine, while AGG eneodes for serine. In this 
way, inherited information that determines the structure 
of proteins is eneoded in DNA. 

The Role of RNA 

In eontrast to DNA, RNA eonsists of a single strand of nucle- 
otides. Eaeh nucleotide eontains one of four nitrogenous 
bases: adenine, eytosine, gnanine, or araeil (U). Note that 
uracil is present in RNA instead of thymine, which occurs 
in DNA. RNA is synthesized in a eelfs nucleus by using 
a strand of DNA as a template. Gomplementary pairing 
of RNA bases with DNA bases prodnees a strand of RNA 
nneleotides whose bases are eomplementary to those in 
the DNA moleenle. Uracil (U) in RNA pairs with adenine 
(A) in DNA; adenine (A) in RNA pairs with thymine (T) 
in DNA. 

There are three types of RNA, and eaeh plays a vital 
role in protein synthesis. 

Messenger RNA (mRNA) earries the genetie infor- 
mation from DNA into the eytoplasm to the ribosomes, 
the sites of protein synthesis. This information is earried 
by the sequence of bases in mRNA, which is eomplemen- 
tary to the sequence of bases in the DNA template. 

Rìbosomal RNA (rRNA) and protein eompose 
ribosomes, the sites of protein synthesis. Ribosomes eon- 
tain the enzymes required for protein synthesis. 

Transfer RNA (tRNA) earries amino aeids to the 
ribosomes, where the amino aeids are joined like a string of 
beads to form a protein. There is a different tRNA for trans- 
porting eaeh of the 20 kinds of amino aeids used to build 
proteins. 

Table 3.3 snmmarizes the eharaeteristies of DNA 
and RNA. 


Table 3.3 Distinguishing Gharaeteristies of 
DNAand RNA 



DNA 

RNA 

Strands 

Tvvo strandsjoined by the eomplemen- 
tary pairing of their nitrogenous bases 

One 

strand 

Sugar 

Deoxyribose 

Ribose 

Bases 

Adenine 

Adenine 


Thymine 

LJraeil 


eytosine 

Gytosine 


Guanine 

Guanine 

Shape 

Helix 

Straight 


Transeriptien and Translation 

The proeess of protein synthesis involves two sneeessive 
events: transeription, which occurs in the nucleus, and 
translation, which takes plaee in the eytoplasm. 

In transeription, the sequence of bases in DNA deter- 
mines the sequence of bases in mRNA due to eomplemen- 
tary base pairing. Thus, transeription transfers the eneoded 
information of DNA into the sequence of bases in mRNA. 
For example, if a triplet of DNA bases is AGG, which 
eneodes for the amino aeid serine, the eomplementary 
paired triplet of bases in mRNA is UCC. A triplet of bases in 
mRNA is known as a eodon, and there is a eodon for eaeh 
of the 20 amino aeids eomposing proteins. Messenger RNA 
eonsists of a ehain of eodons. Onee it is synthesized, mRNA 
moves out of the nucleus into the eytoplasm where it eom- 
bines with a ribosome, the site of protein synthesis. 

In translation, the eneoded information in mRNA is 
used to produce a speeifie sequence of amino aeids to 
form the protein. As the ribosome moves along the mRNA 
strand, tRNA moleenles bring amino aeids to the ribosome 
and plaee them in the eorreet sequence in the forming 
polypeptide ehain (protein) as speeified by the mRNA 
eodons. [ÀPIFÍI 

Eaeh tRNA moleenle has a triplet of RNA bases ealled 
an antìeodon at one end of the moleenle. Beeanse there are 
20 different kinds of amino aeids eomposing proteins, there 
are at least 20 kinds of tRNA whose antieodons ean bind with 
eodons of mRNA. A tRNA moleenle ean only transport the 
speeifie amino aeid that is eneoded by the eodon to which 
its antieodon ean bond. For example, a tRNA transporting 
the amino aeid serine has the antieodon AGG that ean bond 
with the mRNA eodon UCC to plaee serine in the eorreet 
position in the forming amino aeid ehain. See figure 3.16. 

By transeription and translation, DNA determines 
the structure of proteins, which, in turn, determines the 
fnnetions of proteins. Transeription and translation may 
be snmmarized as follows: 

DNA 


Transeription 


>mRNA 


Transiation 


> Protein 
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Gytosol 




As the ribosome moves along the mRNA strand, tRNA 
brings amino aeids to the ribosome-mRNA complex. Eaeh 
type of tRNA transports a speeifie amino aeid. 





( 2 ) mRNA moves 
from the nucleus 
to a ribosome 


in the eytoplasm. 


Amino aeids 
attaehed to tRNA 


Polypeptide 

ehain 


Mess6ngt?v 

RNA ^ 

















Direetion of “reading” 


@When the 
ribosome reaehes 
the end of the 
mRNA strand, 
it releases the 
new protein. 


y 


1 Information in 
DNA is 
transeribed 
into mRNA by 
eomplementary 
base pairing. 






( 4 ) Antieodons of 
tRNA briefly bind 
with eondons of 
mRNA so the 
eorreet amino 
aeid is added 
to the growing 
ehain of amino 
aeids. 


( 5 ) After an amino aeid 
is added to the ehain, 
eaeh tRNA is reeyeled 
to piek up another 
identieal amino aeid. 


Messenger 
RNA 



(a) Transeription 




Amino aeids 
represented 


DNA 

strand 



- Godon 1 


Methionine 



(b) Translation 


Figure 3.16 Protein Synthesis. 

('aj Transeription eneodes the information in DNA into mRNA. The insert on the left 
shows how this occurs by eomplementary base pairing. fòj Translation of eneoded 
information in mRNA determines the sequences of amino aeids in a protein. The 
insert on the right shows a few mRNA eodons and the amino aeids that they eneode 


- Godon 2 


Glyeine 


- Godon 3 


Serine 



- Godon 4 


Alanine 


- Godon 5 


Threonine 



- Godon 6 


Alanine 


- Godon 7 


Glyeine 



eheek 



Understandinq 



5. How does ehromosomal DNA determine the 
strnemre of proteins? 


3.5 Cell Division 

Learning Objeetives 

8. Deseribe the two types of eell division and their 
roles. 

9. Deseribe eaeh phase of mitosis. 

Cells replieate themselves throngh a proeess ealled eell 
division. Two types of eell division occur in the body: 
mitotie eell division and meiotie eell division. Somatie 


eells (eells other than sex eells) divide by mitotie 
(mi-tot'-ik) eell division, during which a parent eell 
divides to form two new daughter eells that have the 
same number (46) and eomposition of ehromosomes as 
the parent eell. It enables growth and the repair of tis- 
sues. Meiotie (mi -ot'-ik) eell division occurs only in the 
production of ova and sperm. In meiosis, a single parent 
eell divides to form four daughter eells that eontain only 
half the number of ehromosomes (23) found in the par- 
ent eell. In this ehapter, we eonsider mitotie eell division 
only. Meiotie eell division is smdied in ehapter 17. 

Mitotie Cell Division 

Starting with the first division of the fertilized egg, mitotie 
eell division is the proeess that produces new eells for 
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growth of the new individnal and the replaeement of 
worn or damaged eells. Mitotie eell division oeenrs at dif- 
ferent rates in different kinds of eells. For example, epithe- 
lial eells nndergo almost eontinnons division but muscle 
eells lose the ability to divide as they mamre. Three pro- 
eesses are involved in mitotie eell division: (1) replieation 
(prodnetion of exact eopies) of ehromosomes, (2) mitosis, 
and (3) division of the eytoplasm. 

In dividing eells, the time period from the separa- 
tion of danghter eells of one division to the separation 
of danghter eells of the next division is ealled the eell 
eyele. Mitosis eonstimtes only 5% to 10% of the eell 
eyele. Most of the time, a eell merely is earrying out its 
normal fnnetions (figure 3.17). 

Interphase is defined as the phase when the eell is 
not involved in mitosis. When viewed with a mieroseope, 
a eell in interphase is identified by its intaet nucleus eon- 
taining ehromatin grannles. In eells that are destined to 
divide, both the eentrioles and ehromosomes replieate 
during interphase, while other organelles are synthesized 
and assembled. There is a growth period before and after 
replieation of the 46 ehromosomes. 

A ehromosome eonsists of a very long DNA 
moleenle eoated with proteins. During interphase, ehro- 
mosomes are nneoiled and resemble very thin threads 
within the eell nucleus. ehromosomes replieate during 
interphase in order to provide one eopy of eaeh ehro- 
mosome for eaeh of the two danghter eells that will be 
formed by mitotie eell division. ehromosome replieation 
is dependent upon the replieation of the DNA moleenle 
in eaeh ehromosome. Figure 3.18 illustrates the proeess 
of DNA replieation. 

The two original DNA strands ''unzip,'' and new 
nneleotides are joined in a eomplementary manner by 
their bases to the bases of the separated DNA strands. 
When the new nneleotides are in plaee and joined 
together, eaeh new DNA moleenle eonsists of one ''new'' 
strand of nneleotides joined to one ''old'' strand of nucleo- 
tides. In this way, a DNA moleenle is preeisely replieated 
so that both new DNA moleenles are identieal. 



Figure 3.17 The Cell Cycle. 

Interphase oeeopies most of the eell eyele. Only 5% to 
10% of the time is used in mitosis. DNA and ehromosome 
replieation occur during interphase. 


Mitotie Phases 

Onee it begins, mitosis is a continuous proeess that is 
arbitrarily divided into four sequential phases: prophase, 
metaphase, anaphase, and telophase. Eaeh phase is eharae- 
terized by speeifie events that occur. 

Prophase During prophase, the replieated ehromo- 
somes eoil, appearing first as threadlike structures and 
finally shortening snffieiently to beeome rod-shaped. Eaeh 
replieated ehromosome eonsists of two ehromatids 
joined at their eentromeres. Simultaneously, the nuclear 
envelope gradnally disappears, and eaeh pair of eentrioles 
migrate toward opposite ends of the eell. A spìndle is 
formed between the migrating eentrioles. The spindle 
eonsists of spindle fibers that are formed of microtubules 
(figure 3.19«). 

Metaphase During the brief metaphase, the replieated 
ehromosomes line up at the equator of the spindle. The 
eentromeres are attaehed to spindle fibers (figure 3.19b). 



Mitotie eell division is normally a eontrolled pro- 
eess that eeases when it is not neeessary to pro- 
duce additional eells. Oeeasionally, eontrol is lost 
and eells undergo continuous division, which 
leads to the formation of tumors. Tumors may be 
benign or malignant. Benìgn tumors do not spread 
to other parts of the body and may be surgically 
removed if they cause health or eosmetie prob- 
ems. Malìgnant tumors, or eaneers, may spread 
to other parts of the body by a proeess ealled 


metastasís (me-tas'-ta-sis). Cells break away from 
the primary tumor and are often earried by blood or 
lymph to other areas, where continued eell divisions 
form seeondary tumors. 

Treatment of malignant tumors involves surgica 
removal of the tumor, if possible, and subsequent ehe- 
motherapy and/or radiation therapy. Both ehemother- 
apy and radiation therapy tend to kill malignant eells 
because dividing eells are more sensitive to treatment, 
and malignant eells are eonstantly dividing. 
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Original DNA 
nnolecule 



Region of 
replieation 


Newly formed 
DNA molecules 


Figure 3.18 When a DNA molecule replieates, the two strands unzip. Then a new eomplementary strand of nucleotides 
forms along eaeh “old” strand to produce two new DNA molecules. 


Anaphase During anaphase, separation of the eentro- 
meres results in the separation of the paired ehromatids. 
The members of eaeh pair are pulled by spindle fibers 
towards opposite sides of the eell. The separated ehro- 
matids are now ealled ehromosomes, and eaeh new set of 
ehromosomes is identieal (figure 3.19c). 

Telophase During telophase, the spindle fibers disas- 
semble and a new nnelear envelope starts forming around 
eaeh set of ehromosomes as the new nuclei begin to take 
shape. The ehromosomes start to uncoil, and they will 
nltimately beeome visible only as ehromatin grannles. 
The new danghter nuclei are eompletely formed by the 
end of telophase. 


Usually during late anaphase and telophase, the most 
obvions ehange is the division of the eytoplasm, which is 
ealled eytokinesis (si"-to-ki-nè'-sis). It is eharaeterized by 
a furrow that forms in the plasma membrane aeross the 
equator of the spindle and deepens until the parent eell 
is separated into two danghter eells. The formation of two 
danghter eells, eaeh having identieal ehromosomes in the 
nuclei, marks the end of mitotie eell division (figure 3.19d). 



eheek 



IJnderstanding 


6. What are the phases of mitosis and how is eaeh 
phase distingnished? 
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ehromosonnes 



eentrioles 



(a) Prophase 

Replieated ehromosomes eoil and shorten; nuclear envelope disappears; eentriole pairs move toward opposite sides of the eell, forming a 
spindle between them. 


ehromosome 



Gentrioles 


Spindle fiber 



(b) Metaphase 

Ghromosomes line up at the equator of the spindle. Eaeh replieated ehromosome eonsists of a pair of ehromatids joined by eentromere. 


Figure 3.19 Dravvings and photomierographs (1,000x) of mitosis. 


ehaoter Symrnar 


3.1 Cell Structure 

• The plasma membrane is eomposed of a donble layer of 
phospholipid moleenles along with assoeiated eholesterol 
and protein moleenles. It is seleetively permeable and eon 
trols the movement of the materials into and out of eells. 

• The eytoplasm, which is eomposed of eytosol and 
organelles, lies external to the nucleus and is enveloped 
by the plasma membrane. 

• The nucleus is a large, spherieal organelle surrounded by 
the nnelear envelope. 


ehromosomes, eomposed of DNA and protein, are found 
in the nucleus. The uncoiled ehromosomes appear as 
ehromatin grannles in nondividing eells. 

The nucleolus is the site of ribosome synthesis. 

Ribosomes are tiny organelles formed of rRNA and 
protein. They are sites of protein synthesis. 

The endoplasmie reticulum (ER) eonsists of membranes 
that form ehannels for transport of materials within 
the eell. RER is stndded with ribosomes that synthesize 
proteins for export from the eell. SER laeks ribosomes 
and is involved in lipid synthesis. 
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ehromosome 



eentrioles 


Spindle fiber 


(e) Anaphase 
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Ghromatids separate, members of eaeh ehromatid pair move toward opposite ends of the spindle 


Ghromosomes Gentrioles 



Nuclear envelopes 


(d) Telophase 

Nuclear envelopes form around eaeh set of ehromosomes; spindle 
two daughter eells. 



disappear; ehromosomes uncoil and extend; eytokinesis produces 


• The Golgi complex paekages materials into vesieles for 
seeretion from the eell or transport within the eell. 
Mitoehondria are large, donble-membraned organelles 
within which aerobie respiration oeenrs. 

• Lysosomes are small vesieles that eontain digestive 
enzymes used to digest foreign partieles, worn-out parts 
of a eell, or an entire damaged eell. 

• The eytoskeleton is formed by microtubules and 
mierofilaments, and is used in maintaining eell strnemre 
and eell movement. 

• A pair of eentrioles, used in eell division, is present near 
the eelFs nucleus. The wall of eaeh eentriole is eomposed 
of microtubules arranged in groups of three. 

• Gilia are short, hairlike projeetions on the free snrfaee of 
eertain eells. The beating of eilia moves materials along 
the eell snrfaee. 

• Eaeh sperm swims by the beating of a flagellnm, a long, 
whiplike organelle. 


3.2 Transport Aeross Plasma 

Membranes 

• Passive transport does not require the expenditure of 
energy by the eell. 

• Diffnsion is the movement of snbstanees from an area of 
higher eoneentration to an area of lower eoneentration. 
It is caused by the eonstant motion of snbstanees in 
gases and liquids. 

• Substances diffnse aeross plasma membrane by 
simple diffnsion, ehannel-mediated diffnsion, and 
earrier-mediated diffnsion. 

• Osmosis is the passive movement of water aeross a 
seleetively permeable membrane. 

• Hypotonie solntions have a higher water eoneentration 
than the eells. Hypertonie solntions have a lower water 
eoneentration than the eells. isotonie solntions have the 
same water eoneentration as the eells. 



























68 ehapter 3 Cell 


• Cells in hypotonie solntions have a net gain of water. Cells • The sequence of bases in DNA determines the sequence 

in hypertonie solntions have a net loss of water. Cells in of eodons in mRNA, which, in mrn, determines the 

isotonie solntions have no net ehange of water eontent. sequence of amino aeids in a protein. 

• Aetive transport requires the eell to expend energy. 

• Aetive transport meehanisms inelnde earrier-mediated DNA j^^nsenptìon ^ jransiatìon ^ Pi'otein 

aetive transport, endoeytosis, and exocytosis. 


3.3 Cellular Respiration 

• Cellular respiration is the breakdown of nntrients in eells 
to release energy and form ATP moleenles, which power 
eellnlar proeesses. 

• Cellular respiration of glneose involves anaerobie 
respiration and aerobie respiration. 

• Cellular respiration of a glneose moleenle yields a net of 
36-38 ATP. A net of 2 ATP is prodneed during anaerobie 
respiration, which occurs in the eytosol. A net of 34-36 
ATP is prodneed during aerobie respiration, which occurs 
in mitoehondria. 

3.4 Protein Synthesis 

• Protein synthesis involves the interaetion of DNA, 
mRNA, rRNA, and tRNA. 


3.5 Cell Division 

• Mitotie eell division prodnees two danghter eells that 
have the same number and eomposition of ehromosomes. 
It enables growth and tissne repair. 

• Meiotie eell division resnlts in prodnetion of ova and 
sperm. Four daughter eells are formed that have half the 
number of ehromosomes as the parent eell. 

• Most of a eell eyele is spent in interphase, where eells 
earry out normal metabolie fnnetions. In eells destined 
to divide, ehromosomes and eentrioles are replieated in 
interphase. 

• After ehromosome replieation, mitosis is the orderly 
proeess of separating and distribnting ehromosomes 
equally to the daughter eells. 

• Mitosis eonsists of four phases: prophase, metaphase, 
anaphase, and telophase. 


Self-Review 


Answers are loeated in Appendix B. 

1. Movement of materials in and out of eells is eontrolled 

by the_. 

2. Moleenles of_loeated in ehromosomes eontrol the 

aetivities of eells. 

3. Aerobie respiration occurs within_. 

4. The sites of protein synthesis are_. 

5. The_assembles protein and RNA to form ribosomes. 

6. The_eonsists of intraeellnlar membranons ehannels 

for material transport. 

7. Movement of moleenles from an area of their higher 

eoneentration to an area of their lower eoneentration is 
known as_. 

Critical ThinkinR _ 

1. How do the eharaeteristies of a snbstanee determine the transport meehanism that will be used to move it aeross the plasma 
membrane? 

2. How is the eorreet sequence of amino aeids in proteins determined? 

3. How are glneose, pyrnvie aeid, mitoehondria, oxygen, ADP, and ATP involved in eellnlar respiration? 

4. How does mitotie eell division yield danghter eells with the same DNA eontent? 

ADDITIONAL RESOURCES 


8. Movement of moleenles aeross a membrane by earrier 

proteins without the expenditure of energy is a form 
of_. 

9. Breakdown of organie nntrients in eells to release energy 

and form ATP is ealled_. 

10. instrnetions for synthesizing a protein are earried from 

DNA to ribosomes by_. 

11. The equal distribution of ehromosomes to danghter 

nnelei oeenrs by_. 
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Your body’s ability to maintain homeostasis depends upon on the normal 
structure and function of body tissues. Gonsider your ability to move your 
hand off an environmental hazard, such as a hot surface. The bones of the 
body are physieally hardened due to mineralized bone. Attaehed to these 
bones are muscles eontaining skeletal muscle tissue, vvhieh has the ability to 
eontraet and ereate foree. VVhen the muscles of the arm eontraet vvith foree, 
they pull on the bones in the forearm to ereate movement at the elbovv. As a 
result, the hand is moved avvay from the hazard. Nervous tissue deteets and 
proeesses the pain stimuli from the hand vvhen it eontaets the hazard. It then 
aets to eontrol and eoordinate the eontraetion of the skeletal muscle tissue 
in response. As you ean see, many types of body tissues are involved in all of 
the body’s physiologieal proeesses. Gaining an understanding of your body’s 
various tissues and their eapabilities vvill faeilitate a better understanding of 
hovv your organ systems vvork to maintain homeostasis vvithin the body in 
upcoming ehapters. 


eHAPTER OUTLINE 

4.1 Epithelial Tissiies 

• Simple Epithelium 

• Stratified Epithelium 

4.2 Connective Tissues 

• Loose Gonneetive Tissue 

• Dense Gonneetive Tissue 

• Gartilage 

• Bone 

• Blood 

4.3 Muscle Tissues 

• Skeletal Muscle Tissue 

• Gardiae Muscle Tissue 

• Smooth Muscle Tissue 

4.4 Nervous Tissue 

4.5 Body Membranes 

• Epithelial Membranes 

• Gonneetive Tissue 
Membranes 

ehapter Summary 
Self-Review 
Critical Thinking 
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ehapter 4 Tissues and Membranes 


SELEGTED KEY TERMS 


Adipose tissue (adip = fat) A 
eonneetive tissne that stores fat. 
Bone A hard eonneetive tissne 
with a rigid matrix of ealeinm salts 
and fibers. 

Gartilage A eonneetive tissne with 
a relatively rigid, semisolid matrix. 

Gonneetive tissne (eonneet = 
to join) A tissne that binds other 
tissnes together. 

Epithelial tissne (epi = upon, 
over; thel = delieate) A thin tis- 
sue that eovers body and organ 


snrfaees and lines body eavities, and 
forms seeretory portions of glands; 
epithelinm. 

Fibroblast (fibro = fiber; blast = 
germ) A eell that prodnees 
fibers and ground snbstanee in 
eonneetive tissue. 

Matrix The extracellular substance 
in eonneetive tissue. 

Mucous membrane Epithelial 
membrane that lines mbes and 
eavities that have openings to the 
external environment. 


Muscle tissue (mus = mouse) A 
tissue whose eells are speeialized 
for eontraetion. 

Nervous tissue A tissue that forms 
the brain, spinal eord, and nerves. 
Serous membrane Epithelial 
membrane that lines the external 
snrfaees of organs and the body 
wall in the ventral eavity. 

Tissue (tissu = woven) A group 
of similar eells performing similar 
fnnetions. 


THE DIFFERENT KINDS OF OELLS OOMPOSING the 

human body result from the speeialization of eells during 
embryonie development. Embryonie stem eells of an 
early embryo are nnspeeialized eells eontaining eneoded 
information in their DNA that enables them to form all 
types of speeialized eells. As these eells divide repeatedly 
prodneing many generations of eells, the danghter eells 
beeome partially speeialized. Such eells ean prodnee 
danghter eells for only eertain related types of speeialized 
eells. This trend of deereasing potential (inereasing spe- 
eialization) eontinnes throngh many generations of eells, 
nltimately prodneing the highly speeialized eells of the 
human body plus a few partially speeialized eells known 
as adult stem eells. Onee fully speeialized, eells may or 
may not divide. If they do, they ean form only speeialized 
eells like themselves; for example, skin eells divide to pro- 
duce only skin eells. Beeanse all of a person's eells (except 
red blood eells, which laek nuclei) eontain the same DNA, 
the transition from nnspeeialized embryonie stem eells to 
fully speeialized body eells results from cellular meeha- 
nisms that turn off speeifie portions of the eneoded infor- 
mation in DNA. 

A tìssue is a group of fully speeialized eells that per- 
form similar functions. Most tissnes eontain a few adult 
stem eells, which play an important role in tissue repair. 
Eaeh type of tissue is distinguished by the structure of its 
eells, its extracellular substance, and the fnnetion it per- 
forms. The structure of a tissue is a refleetion of its fnnetion. 

The different tissnes of the body are elassified into 
four basie types: epithelial, eonneetive, muscle, and ner- 
vous tissues. 

1. Epìtbelìal (ep"-i-thè'-lè-al) tissue eovers the 
surfaces of the body, lines body eavities and eovers 
organs, and forms the seeretory portions of glands. 

2. Gonneetive tissue binds organs together and 
provides proteetion and snpport for organs and the 
entire body. 



Adult stem eells from a variety of tissues are used 
in medieal therapies. For example, stem eells in red 
bone marrow are used to treat leukemia. Medieal 
seientists think that, with more researeh, stem eells 
may be used to treat eaneer, brain and spinal eord 
injuries, multiple selerosis, Parkinson disease, and 
other injaries and disorders. 

V___ J 


3. Muscle tissue eontraets to provide foree for the 
movement of the whole body and many internal 
organs. 

4. Nervous tissue deteets ehanges, proeesses 
information, and eoordinates body fnnetions via 
the transmission of nerve impnlses. 



Learning Objeetives 

1. Deseribe the distinguishing eharaeteristies of 
epithelial tissues. 

2. Identify the eommon loeations and general functions 
of eaeh type of epithelial tissue. 


Epithelial tissnes, or epithelia (singnlar, epithelinm), may 
be eomposed of one or more layers of eells. The number 
of eell layers and the shape of the eells provide the basis 
for elassifying epithelial tissnes (fignres 4.1 and 4.2). 
Epithelial tissnes are distingnished by the following five 
eharaeteristies: 


1. Epithelial eells are paeked elosely together with 
very little extracellular material between them. 

2. The sheetlike tissue is firmly attaehed to the 
deeper eonneetive tissue by a thin layer of 
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Squannous 



Cuboidal 


Colunnnar 


Figure 4.1 Glasses of epithelium based on eell shape. 

proteins and earbohydrates ealled the basement 
membrane. 

3. The snrfaee of the tissne (free snrfaee) opposite the 
basement membrane is not attaehed to any other 
type of tissne and is loeated on a snrfaee or next to 
an opening. 

4. Blood vessels are absent, so epithelial eells must 
rely on diffusion to reeeive nonrishment from 
blood vessels in the deeper eonneetive tissue. 
Because these tissues are on snrfaees, they are 
prone to damage. The laek of blood vessels 
prevents nnneeessary bleeding. 

5. Epithelial tissnes regenerate rapidly by mitotie eell 
division of the eells. Large nnmbers of epithelial 
eells are destroyed and replaeed eaeh day. 

The fnnetions of epithelial tissnes vary with the 
speeifie loeation and type of tissue, but generally they 
inelnde prozeetion, diffasion, osmosis, absorption, filtration, 
and seeretion. Gertain epithelial eells form glandalar 
epitheliam, the eells in glands that prodnee seeretions. Two 
basie types of glands are eontained in the body: exocrine 
and endoerine glands. Exocrine glands (exo = ontside 
of; erin = to seerete) have ducts (small mbes) that earry 
their seeretions to speeifie areas; sweat glands and salivary 
glands are examples. Endoerine glands (endo = within) 
laek ducts. Their seeretions, ealled hormones, are earried 
by the blood supply to organs within the body to regnlate 
their fnnetion. The thyroid gland and adrenal glands are 
examples of endoerine glands. Endoerine glands and their 
hormones will be disenssed in more detail in ehapter 10. 

Simple Epitheliem 

Simple epithelium eonsists of a single layer of eells 
that may be flat (squamous), cube-like (cuboidal), and 
column-like (eolnmnar) in shape (fignres 4.1 and 4.2). 
These tissnes are loeated where rapid diffnsion, seeretion, 
or filtration occur in the body. 

Simple sgaamoas (skwà'-mus) epithelmm eonsists of 
thin, flat eells that have an irregnlar ontline and a flat. 
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Figure 4.2 eiasses of epitheliom based on the number 
of eell layers. 

eentrally loeated nucleus. In a snrfaee view, the eells some- 
what resemble tiles arranged in a mosaie pattern. Simple 
squamous epithelium performs a diverse set of fìanetions 
that inelnde diffnsion, osmosis, filtration, seeretion, absorp- 
tion, and frietion rednetion. Its loeations in the body inelnde 
(1) the air saes in the lungs, where and GO^ diffnse into 
and out of the blood, respeetively; (2) speeial structures in 
the kidney ealled glomerali (glo-mer'u-li), where blood is 
filtered during urine prodnetion (see ehapter 16); (3) the 
mesothelium, which is part of the serous membranes 
lining the ventral eavity; (4) and the endothelium, which 
lines the internal snrfaees of the heart, blood vessels, and 
lymphatie vessels (figure 4.3). 
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Figure 4.3 Simple Squamous Epithelium 
(250x). I^IR] 

Structure: A single layer of squamous eells. 
Loeation: Endothelium, mesothelium, air saes of the 
lungs, and glomeruli of the kidneys. 

Function: Absorption, seeretion, filtration, diffusion, 
osmosis, and frietion reduction. 
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Figure 4.4 Simple Cuboidal Epithelium (250x). ÍÀpIR] 


Structure: A single layer of cuboidal eells. 

Loeation: Forms kidney tubules, seeretory portion of 
some glands, and the superficial layer of the ovaries, 
Function: Absorption and seeretion. 


Simple eaboidal epitheliam eonsists of a single layer 
of cube-shaped eells. The eells have a single, round, een- 
trally loeated nucleus. Its basie hinetions are absorption 
and seeretion. Loeations for simple enboidal epithelia 
inelnde (1) the seeretory portion of glands, such as the 
thyroid and salivary glands; (2) the kidney tubules where 
seeretion and reabsorption of materials occur; and (3) the 
snperfieial layer of the ovaries (figure 4.4). 

Simple eolamnar epitheliam eonsists of a single layer 
of elongated, eolnmnar eells with oval nuclei usually 
loeated near the basement membrane. Seattered among 
the eolnmnar eells are goblet eells, speeialized mucus- 
seereting eells with a goblet or wine glass shape. Their 
pnrpose is to seerete a proteetive layer of mucus on the 
free snrfaee of the epithelinm. Seeretion and absorption 
are the major fnnetions of this tissue in areas such as the 
stomaeh and intestines. The eells lining the intestine 
possess numerous mierovilli on their free snrfaee, often 


ealled a ''brnsh bordeh' beeanse of its bristle-like appear- 
anee, which greatly inereases their absorptive snrfaee 
area. In areas such as uterine tubes, paranasal sinnses, 
and ventrieles of the brain, this tissue possesses eilia that 
allow for movement of materials aeross the tissue surface 
(figure 4.5). 

Pseadostratified eiliated eolamnar epitheliam eonsists 
of a single layer of eells. It is said to be pseudostratified 
(pseudo = false) because its structure ereates a visual 
illusion of being mnltilayered but it really is a simple 
epithelium. The layered effeet results in part from the 
nuclei being loeated at varions levels within the eells. 
Also, even though all of the eells are attaehed to the base- 
ment membrane, not all of them reaeh the free snrfaee 
(see figure 4.2). Just as in simple eolnmnar epithelinm, 
goblet eells are seattered throughout the tissue. This epi- 
thelium lines the internal snrfaees of many of the respira- 
tory passageways, where it eolleets and removes airborne 
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Figure 4.5 Simple Columnar Epithelium 
(400x). 1^1 R3 

Structure: A single layer of columnar eells; eontains 
seattered goblet eells. 

Loeation: Lines the internal surfaces of the stomaeh 
and intestines, the ducts of many glands, uterine tubes, 
paranasal sinuses, and ventrieles in the brain. 

Function: Absorption, seeretion, and proteetion. 


Figure 4.6 Pseudostratified Ciliated Columnar 
Epithelium (500x). lÀPlR] 

Structure: A single layer of eiliated columnar eells that 
appears to be more than one layer of eells; eontains 
seattered goblet eells. 

Loeation: Lines many respiratory passagevvays. 
Function: Seeretion of mucus; beating eilia remove 
seereted mucus and entrapped partieles. 


partieles. The partieles are trapped in the seereted mucus, 
which is moved by the beating eilia to the throat, where 
it is either swallowed or expectorated (figure 4.6). 

Stratified Epitheiimn 

Stratified epithelium eonsists of more than one layer 
of eells, which makes them more dnrable to abrasion 
(see figure 4.2). Only the deepest layer of eells prodnees 
new eells by mitotie eell division. The eells are pushed 
toward the free surface of the tissue as more new eells 
are formed deep to them. Cells in the snperfieial layer 


are continuously lost as they die and are rubbed off by 
abrasion. Proteetion of nnderlying tissnes is an impor- 
tant fnnetion of stratified epithelia. These tissnes are 
named aeeording to the shape of eells on their free 
snrfaees. 

Stratified squamous epithelium occurs in two distinet 
forms: keratinized and nonkeratinized. The keratinized 
type forms the snperfieial layer (epidermis) of the skin. Its 
eells beeome impregnated with a waterproofing protein, 
keratin (ker'-ah-tin), as they migrate to the free snrfaee 
of the tissue. This speeifie type of epithelium is discussed 
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Figure 4.7 Stratified Squamous Epithelium 
(70x). lAPlR] 

Structure: Several eell layers; eells in the deepest layer 
are cuboidal in shape but gradually beeome flattened as 
they migrate to the surface of the tissue. 

Loeation: The keratinized type forms the epidermis of 
the skin; nonkeratinized type lines the mouth, esopha- 
gus, vagina, and rectum. 

Function: Proteetion. 
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further in ehapter 5. The nonkeratinized type lines the 
mouth, esophagus, vagina, and reemm. Both types provide 
resistanee to abrasion (figure 4.7). 

Transitional epithelmm lines most of the nrinary traet 
and stretehes as these strnemres fill with urine. It eonsists 
of mnltiple layers of eells, with the free snrfaee eells of the 
nnstretehed tissue possessing a large and ronnded shape. 
When stretehed, the free snrfaee eells beeome thin, flat 
eells resembling squamous epithelial eells (figure 4.8, see 
figure 4.2). 


Figure 4.8 Transitional Epithelium. [apIrI 

(a) A photomierograph (250x) and (b) drawing showing 
several layers of rounded eells when the urinary bladder 
wall is eontraeted. (e) When the bladder wall is stretehed, 
the tissue and eells beeome flattened. 

Structure: Several layers of large, rounded eells that 
beeome flattened when stretehed. 

Loeation: Lines the internal surface of the urinary traet. 
Function: Proteetion; permits stretehing of the wall of 
the urinary traet. 
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Two relatively rare types of stratified epithelial 
tissues are not shown. Stratified mboidal epithelmm lines 
larger ducts of eertain glands (e.g., mammary and salivary 
glands). Stratified eolamnar epitheliam lines parts of the 
pharynx and male nrethra. 




1. What are the general eharaeteristies and fnnetions 
of epithelial tissnes? 

2. How are the varions epithelial tissnes different in 
terms of structure, loeation, and fnnetion? 

V___ 



4.2 Connective Tissues 


Learning Objeetives 

3. Deseribe the distinguishing eharaeteristies of eaeh 
type of eonneetive tissue. 

4. Identify the eommon loeations and general functions 
of eaeh type of eonneetive tissue. 

Gonneetive tissnes are the most widely distribnted and 
abnndant tissnes in the body. As the name implies, eon- 
neetive tissnes snpport and bind together other tissnes so 
they are never found on exposed snrfaees. Like epithelial 
eells, most eonneetive tissue eells have retained the ability 
to reprodnee by mitotie eell division. 

Gonneetive tissnes eonsist of a diverse group of tissues 
that ean be divided into three broad eategories: (1) loose 
eonneetive tissnes, (2) dense eonneetive tissnes, and (3) eon- 
neetive tissnes with speeialized fnnetions-eartilage, bone, 
blood, and lymph. Loose and dense eonneetive tissnes are 
sometimes referred to as ''eonneetive tissue propeT' because 
they are eommon tissnes that fnnetion to bind other tissnes 
and organs together. 

All eonneetive tissnes eonsist of relatively few, 
loosely arranged eells and a large amount of extracellular 
substance ealled matrix (ma'-triks). Matrix, which is pro- 
duced by the eells, is used to elassify eonneetive tissnes. 
It is eomposed of ground snbstanee and protein fibers. 
Ground snbstanee, which is eomposed of water and 
both inorganie and organie eomponnds, ean be fluid, semi- 
fluid, gelatinous, or ealeified. 

Three types of protein fibers are found in the matrix 
of eonneetive tissnes. Gollagen fibers, eomposed of eol- 
lagen protein, are relatively large fibers resembling eords 
of a rope. They provide strength and flexibility but not 
elastieity. Reticular fibers, also made of eollagen, are 
very thin and form highly branehed, delieate, snpporting 
frameworks for tissnes. Elastie fibers are made of elastin 
protein and possess great elastieity, which means they ean 
streteh up to 150% their resting length without damage 
and then reeoil baek to their resting length. 




niea 


nsiqh 


Because epithelial and eonneetive tissue eells 
are aetive in eell division, they are prone to the 
formation of tumors when normal eontrol of eell 
division is lost. The most eommon types of eaneer 
arise from epithelial eells, possibly because these 
eells have the most direet eontaet with eoreinogens, 
cancer-causing agents in the environment. A eaneer 
derived from epithelial eells is ealled a eoreìnomo. 
Malignant tumors that originate in eonneetive tissue 
are also eommon types of eaneer. A eaneer of 
eonneetive tissue is ealled a soreomo. 


Loose eonneotive Tissoe 

Loose eonneetive tìssnes help to bind together other 
tissnes and form the basie snpporting framework for 
organs. Their matrix eonsists of a semiflnid or jelly-like 
groand sabstanee in which fibers and eells are embedded. 
The word 'doose'' deseribes how the fibers are widely 
spaeed and intertwined between the eells. Fibroblasts 
are the most eommon eells and they are responsible for 
prodneing the ground snbstanee and protein fibers. There 
are three types of loose eonneetive tissue: areolar eonnee- 
tive tissue, adipose tissue, and retienlar tissue. 

Areolar Connective Tissue 

Areolar (ah-rè'-ò-lar) eonneetive tissue is the most abun- 
dant eonneetive tissue in the body. Fibroblasts are the most 
numerous eells, but maerophages are present to help proteet 
against invading pathogens (see ehapters 11 and 13). A semi- 
fluid ground snbstanee fills the spaees between the eells 
and fibers. Areolar eonneetive tissue (1) attaehes the skin to 
nnderlying mnseles and bones as part of the subcutaneous 
tissue (see ehapter 5); (2) provides a supporting framework 
for internal organs, nerves, and blood vessels; (3) is a site for 
many immune reaetions; and (4) forms the snperfieial region 
of the dermis, which is the deep layer of the skin (figure 4.9). 

Adipose Tissue 

Large accumulations of fat eells, or adipoeytes, form 
adìpose (ad'-i-pòs) tissue, a speeial type of loose eon- 
neetive tissue. It occurs throughout the body but is more 
eommon deep to the skin, within the subcutaneous tis- 
sue, and around internal organs. Adipoeytes are filled with 
fat droplets that push the nucleus and eytoplasm to the 
edge of the eells. In addition to fat storage, adipose tissue 
serves as a proteetive cushion for internal organs, espe- 
eially around the kidneys and posterior to the eyeballs. It 
also helps to insnlate the body from abrupt temperamre 
ehanges and, as part of the subcutaneous tissue, to attaeh 
skin to nnderlying bone and muscle (figure 4.10). 
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Figure 4.9 Areolar Gonneetive Tissue (250x). ÍÀpIR] 

Structure: Formed of seattered fibroblasts and a loose 
netvvork of eollagen and elastie fibers embedded in a 
gel-like ground substance. 

Loeation & Function: Attaehes the skin to underlying 
muscles and bones as part of the subcutaneous tissue; 
supports internal organs, blood vessels, and nerves; site for 
immune reaetions; forms the superficial dermis of the skin. 


Reticular Tissue 

Reticular tìssue eonsists of a fine interlaeing of retienlar 
fibers and reticular eells, the main eell type in this tis- 
sue. Reticular tissue forms a supportive nework ealled a 
stroma that assists in maintaining the structure of red bone 
marrov\^ and organs such as the liver and spleen. Retienlar 
fibers also aet as filters in strnemres like lymph nodes, 
v\^here they help to remove baeteria from an extracellular 
drainage fluid ealled lymph (figure 4.11). 

Dense Connective Tissue 

Like loose eonneetive tissnes, dense eonneetive tìssnes 
aid in binding tissnes together and providing snpport for 
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Figure 4.10 Adipose Tissue (250x). [ÀPIR] 

Structure: Formed of elosely paeked adipoeytes vvith 
little matrix. Large fat-eontaining droplet pushes the 
eytoplasm and nucleus to the edge of the eell. 

Loeation & Function: Stores excess nutrients as fat; 
provides insulation and attaehes skin to underlying bones 
and muscles as part of the subcutaneous tissue; provides a 
proteetive cushion to bones, muscles, and internal organs. 

organs. Hov\^ever, dense eonneetive tissue has far fev\^er eells 
and ground snbstanee and more numerous, thieker, and 
''denseh' protein fibers. These tissnes also eontain far fev\^er 
blood vessels than loose eonneetive tissnes. There are three 
types of dense eonneetive tissue: dense regnlar eonneetive 
tissue, dense irregnlar eonneetive tissue, and elastie eonnee- 
tive tissue. 

Dense Regular Connective Tissue 

Dense regnlar eonneetive tissne is eharaeterized by an 
abnndanee of tightly paeked eollagen fibers and relatively 
fev\^ eells. The eollagen fibers exist in large bnndles that 
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Figure 4.11 Reticular Tissue (400x). &pIR] 

Structure: Formed of reticular eells and a delieate, 
intervvoven netvvork of reticular fibers. 

Loeation & Function: Forms a stroma to maintain the 
structure of red bone marrovv and organs like the liver 
and spleen; aets as a biologieal filter in organs like 
lymph nodes. 


are 'Tegnlariy arranged, meaning they are generally paral- 
lel to eaeh other. Fibroblasts are loeated in rows between 
the eollagen bnndles. This tissne exhibits great strength 
when stress is applied in the same direetion as the eollagen 
bnndles, meaning this tissne ean withstand damage when 
stress is applied in one direetion but not when stress is 
applied in multiple direetions. Dense regnlar eonneetive 
tissue is the main tissue in strnemres such as (1) ligaments, 
which attaeh bones to bones, and (2) tendons, which 
attaeh skeletal mnseles to bones (figure 4.12). 

Dense lrregular Connective Tissue 

Dense irregnlar eonneetive tissne is similar in struc- 
ture to dense regnlar eonneetive tissue, except for the 
organization of the eollagen bnndles. In this tissue, the 
eollagen bnndles are 'hrregnlarly'' arranged, meaning they 
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Figure 4.12 Dense Regular Gonneetive Tissue 
(100x). &PIF0 

Structure: Gonsists of tightly paeked eollagen fibers that 
are separated by seattered rows of fibroblasts. 

Loeation & Function: Strong attaehment; forms 
ligaments attaehing bones to bones at joints and 
tendons attaehing muscles to bones. 


are oriented in mnltiple direetions throughout the tissue. 
The irregular arrangement allows this tissue to resist tear- 
ing when stress arrives from mnltiple direetions. Dense 
irregnlar eonneetive tissue ean be found in (1) the deep 
layer of the skin (dermis), (2) the joint eapsnles surround- 
ing freely movable joints, (3) the membranes surround- 
ing bone, eartilage, and the heart, (4) heart valves, and 
(5) membrane eapsnles surrounding some internal organs 
(figure 4.13). 


Elastie Connective Tissue (àpìR] 


An abnndanee of elastie fibers in the matrix distingnishes 
elastie eonneetive tissne. Gollagen fibers are also present. 
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Figure 4.13 Dense lrregular Gonneetive Tissue 
(400X). 

Structure: Gonsists of tightly paeked, irregularly 
arranged eollagen fìbers with seattered fìbroblasts 
between the fibers. 

Loeation & Function: Resists tearing with stress in 
the deep dermis; joint capsules of movable Joints; 
membranes surrounding bone, eartilage, heart, and 
other internal organs; and heart valves. 
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Figure 4.14 Elastie Gonneetive Tissue (400x). 

Structure: Gonsists of tightly paeked, regularly arranged 
elastie fibers with seattered fibroblasts between the 
fìbers. 

Loeation & Function: Allows for elastieity in structures 
such as the lungs, air passageways, voeal eords, and 
arterial walls. 


and fibroblasts are seattered between the fibers. Elastie 
eonneetive tissne oeenrs where extensibility and elastie- 
ity are advantageons, such as in the lungs, air passages, 
voeal folds, and arterial walls. For example, elastie eon- 
neetive tissue enables the expansion of the lungs as air 
is inhaled and the reeoil of the lungs as air is exhaled 
(figure 4.14). 

eartilage 

Gartilage eonsists of a firm, gelatinons matrix in 
which eartilage eells, or ehondroeytes (kon'-dró-sitz), 
are embedded. The fluid-filled spaees in the matrix 


that eontain the ehondroeytes are ealled laennae 
(lah-ku'-nè; singnlar, ìaennd) which means 'fìittle lakes'f 
Gartilage usually laeks blood vessels; this means that 
these tissnes rely on diffnsion to obtain needed sub- 
stanees. Beeanse diffnsion is slow throngh eartilage 
matrix, eellnlar proeesses occur at much slower rates. 
The major hmetions of eartilage are snpport and protee- 
tion. All types of eartilage aet as a enshion to absorb 
shoek, and their tonghness allows them to be deformed 
by pressnre and return to their original shape when the 
pressnre is removed. Three types of eartilage are pres- 
ent in the body: hyaline eartilage, elastie eartilage, and 
fibroeartilage. 
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Figure 4.15 Hyaline Gartilage (250x). I5 pIR1 


Structure: Smooth glassy matrix with many 
ehondroeytes in lacunae. 

Loeation & Function: Forms proteetive eovering of 
bones at freely movable joints; forms the larynx and 
part of the nose; attaehes ribs to sternum, and supports 
walls of air passages. 
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Figure 4.16 Elastie Gartilage (100x). 

Structure: Gonsists of numerous ehondroeytes 
occupying lacunae in a gel-like matrix eontaining 
numerous elastie fibers. 

Loeotion & Function: Provides the supporting framework 
for the external ears; forms the auditory tubes that 
eonneet the pharynx to the middle ear; forms the 
epiglottis, which eloses the airway when swallowing. 


Hyaline Cartilage 

IJnder mieroseopie examination with standard stains, the 
matrix of hyaline (hi'-a-lin) eartìlage has a smooth, glassy, 
blnish white or pinkish white appearanee. It eontains eol- 
lagen fibers, but they are not easily visible. Numerous 
ehondroeytes in laennae are present. Hyaline eartilage is 
the most abnndant eartilage in the body and its fnnetions 
inelnde (1) providing a proteetive eovering on the bone 
snrfaees forming freely movable joints, (2) forming the 
larynx, or voicebox, and part of the nose, (3) eonneeting 
the ribs to the sternnm (breastbone), and (4) snpporting 
the walls of air passages. During embryonie development, 
most bones of the body are initially formed of hyaline ear- 
tilage. Subsequently, the eartilage is gradnally remodeled 
into bone (figure 4.15). 


Elastie Cartilage 

This tissue is similar to hyaline eartilage, but elastie 
eartilage eontains an abnndanee of elastie fibers that 
impart greater elastieity and flexibility to the tissue. Elas- 
tie eartilage forms (1) the auditory tubes eonneeting the 
pharynx (throat) to the middle ear, (2) the epiglottis, a lid 
that eloses the opening into the larynx when swallowing, 
and (3) the snpportive framework for the external ear 
(figure 4.16). 

Fibroeartilage 

The matrix of fibroeartilage eontains many tightly 
paeked eollagen fibers that lie between short rows or 
clumps of ehondroeytes. This eartilage forms (1) the 
intervertebral dises that are loeated between vertebrae. 
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Figure 4.17 Fibroeartilage (250x). 

Structure: Gonsists of rows or clusters of ehondroeytes occupying lacunae in a matrix eontaining tightly paeked eollagen 
fibers. 

Loeation & Function: Gomposes the intervertebral dises between vertebrae, the pubic symphysis, and cartilaginous 
pads in the knee joint where it serves as a proteetive shoek absorber. 


(2) the cartilaginous pads in the knee joints, and (3) the 
proteetive cushion of the pubic symphysis (anterior 
union of the pelvie bones). Fibroeartilage is espeeially 
tough, and the dense eollagen fibers enable it to absorb 
greater shoeks and pressnre without permanent damage 
(figure 4.17). 

Bone 

Of all the supportive eonneetive tissnes, bone, also ealled 
bone tissae or osseoas tissae, is the hardest and most rigid. 
This resnlts from the minerals, mostly ealeinm salts, that 
eompose the matrix along with some eollagen fibers. 
Bone provides the rigidity and strength neeessary for the 
skeletal system to snpport and proteet the body. There 
are two types of bone: eompaet bone and spongy bone 
(figure 4.18). 

In eompaet bone, bone matrix is deposited in eon- 
eentrie rings, ealled lamellae (lah-mef-e), around miero- 
seopie mbes ealled eentral (or osteonie) eanals. These 
eanals eontain blood vessels and nerves. A eentral eanal 
and the lamellae surrounding it form an osteon, the 
strnemral unit of eompaet bone. Spongy bone does not 
possess osteons; rather, the lamellae are organized into 
thin, intereonneeted bony plates ealled trabeenlae. The 
spaees between trabeenlae are filled with highly vasenlar 
red or yellow bone marrow. Bone eells, or osteoeytes, 
are loeated in laennae that are loeated between lamellae 
in both types of bone. The tiny, fluid-filled eanals that 
extend outward from the lacunae are ealled eanalìenlì 
(kan"-ah-lik'-u-li; singular, eanaliealas) and they eon- 
tain eell proeesses from osteoeytes. Canaliculi serve as 
passageways for the movement of materials between 


osteoeytes and the blood supply within the eentral 
eanals and bone marrow. Bone will be disenssed fnrther 
in ehapter 6. 

Blood 

Blood is a speeialized type of eonneetive tissue, ealled a 
fluid eonneetive tissue. It eonsists of numerous formed 
elements that are suspended in the plasma, the liquid 
matrix of the blood. There are three basie types of formed 
elements: red blood eells, white blood eells, and platelets 
(figure 4.19). 

Blood plays a vital role in earrying materials and 
gases throughout the body. For example, blood is used 
to earry nutrients absorbed by the digestive traet to eells 
throughout the body and wastes prodneed by body eells 
to the kidneys for elimination. The formed elements 
also perform emeial body hmetions. Red blood eells 
are used primarily to transport moleenles and, to a 
lesser degree, GO^ moleenles. White blood eells earry 
out various defensive and immune hmetions throughout 
the body. Platelets play a crucial role in the proeess 
of blood elotting. Blood is disenssed in more depth in 
ehapter 11. 



eheek 



IJnderstanding 


3. What are the general eharaeteristies and hinetions 
of eonneetive tissue? 

4. What are the eharaeteristies, loeations, and hine- 
tions of the different eonneetive tissnes? 
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Figure 4.18 ('oj fój Compact bone (160x) fej Spongy Bone (100x). 

Structure: In eompaet bone, matrix is arranged in eoneentrie layers around eentral eanals. In spongy bone, the bone 
layers form thin, bony plates ealled trabeculae. Osteoeytes are found vvithin lacunae loeated betvveen layers of matrix. 
Canaliculi, minute ehannels betvveen lacunae, enable movement of materials betvveen osteoeytes in both eompaet 
and spongy bone. 

Loeation & Function: Forms bones of the skeleton that provide support for the body and proteetion for vital organs. 


4.3 Muscle Tissues 


Learning Objeetives 

5. Deseribe the distinguishing eharaeteristies and 
loeations of eaeh type of muscle tissue. 

6. Identify the general functions of eaeh type of muscle 
tissue. 


Muscle tissue eonsists of muscle eells. Muscle eells have 
lost the ability to divide, so destroyed muscle eells eannot 
be replaeed. In skeletal muscle tissue, muscle eells are ealled 
muscle fibers owing to their long, eylindrieal appearanee. 


The eells in smooth and eardiae muscle tissue are not long 
and eylindrieal, so they are referred to as muscle eells 
but not muscle fibers. The eells within all three types of 
muscle tissue are speeialized for eontraetion (shortening). 
Gontraetion is enabled by the interaetion of speeialized 
protein fibers. The eontraetion of these tissnes enables the 
movement of the whole body and many internal organs, in 
addition to prodneing heat energy. 

Three types of muscle tissue-skeletal, eardiae, and 
smooth muscle tissue-are elassified aeeording to their 
(1) loeation in the body, (2) structural feamres, and (3) func- 
tional eharaeteristies. 
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VVhite blood eell 



Figure 4.19 Blood (1.000x). 1^1 RJ 

Structure: Consists of red blood eells, vvhite blood eells, 
and platelets that are earried in a liquid matrix ealled 
plasma. 

Loeation & Function: Loeated vvithin blood vessels and 
the heart; transports materials and gases throughout the 
body, partieipates in blood elotting proeess, provides 
defense against disease. 


Skelelal Muscle Tissue 

Named for its loeation, skeletal muscle tissue is usually 
attaehed to bones and skin. Its eontraetions enable move- 
ment of the head, trunk, and limbs. The muscle fibers are 
wide, elongated, and eylindrieal. Eaeh skeletal muscle 
fiber eontains mnltiple nuclei, which are loeated along 
the periphery of the fiber. Striazions, alternating light 
and dark bands, extend aeross the width of the fibers. 
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Figure 4.20 Skeletal Muscle Tissue (250x). 

Structure: Gonsists of eylindrieal muscle fibers that have 
striations and multiple, peripherally loeated nuclei. 
Loeation & Function: Gomposes skeletal muscles that 
attaeh to bones and skin; voluntary, rapid eontraetions. 


Fnnetionally, skeletal muscle tissue is eonsidered to be 
voluntary muscle because its rapid eontraetions ean be 
eonseionsly eontrolled (figure 4.20). Skeletal muscle tis- 
sue is discussed in greater detail in ehapter 7. 

eardlae Muscle Tlssue 

The muscle tissue loeated in the walls of the heart is 
eardìae (kar'-dé-ak) muscle tissue. It eonsists of 
branehing eells that intereonneet in a netlike arrange- 
ment. interealated (in-ter-kah'-là-ted) dìses are pres- 
ent where the eells join together. Gardiae muscle eells 
are striated like skeletal muscle fibers but possess only 
one eentrally loeated nucleus per eell. The rhythmie 
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Figure 4.21 Gardiae Muscle Tissue (400x). 

Structure: Gonsists of striated eells that are arranged in 
an intervvoven netvvork. interealated dises are present at 
the junctions betvveen eells. A single, eentrally loeated 
nucleus is present in eaeh eell. 

Loeation & Function: Forms the muscular vvalls of the 
heart; involuntary, rhythmie eontraetions. 

eontraetions of eardiae mnsele are involuntary beeanse 
they eannot be eonseionsly eontrolled (fignre 4.21). 

Smooth Mosele Tissoe 

Smooth muscle tissue derives its name from the 
absenee of striations in its eells. It oeenrs in the v^alls of 
hollow internal organs, such as the stomaeh, intestines, 
urinary bladder, and blood vessels. The eells are long and 
spindle-shaped with a single, eentrally loeated nucleus. The 
slow eontraetions of smooth muscle tissue are involantary 
(figure 4.22). 



Figure 4.22 Smooth Muscle Tissue (250x). 15 pIR] 

Structure: Gonsists of elongate, tapered eells that laek 
striations and have a single, eentrally loeated nucleus. 
Loeation & Function: Forms muscle layers in the walls of 
hollow internal organs; involuntary, slow eontraetions. 


4.4 Nervous Tissue 

Learning Objeetives 

7. Deseribe the distinguishing eharaeteristies and 
general functions of nervous tissue. 

8. Identify the eommon loeations of nervous tissue. 

The brain, spinal eord, and nerves are eomposed of 
nervous tissue, which eonsists of neurons (nfi'-ronz), or 
nerve eells, and numerous supporting eells that are eol- 
leetively ealled nenroglia (nu-rog'-lè-ah). Neurons are the 
fnnetional units of nervons tissue. They are speeialized to 
deteet and respond to environmental ehanges by gener- 
ating and transmitting nerve impnlses. Nenroglia nonrish, 
insnlate, and proteet the nenrons. 

A neuron eonsists of a eell body, the portion of 
the eell eontaining the nucleus, and one or more nemonal 
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Figure 4.23 Nervous Tissue (50x). 

Structure: Consists of neurons and neuroglia. Eaeh neuron eonsists of a eell body, vvhieh houses the nucleus, and one 
or more neuronal proeesses extending from the eell body. 

Loeation & Function: Forms the brain, spinal eord, and nerves; nerve impulse formation and transmission. 


proeesses extending from the eell body (fignre 4.23). There 
are vwo types of nenronal proeesses. Dendrites respond 
to stimnli by generating impnlses and transmitting them 
toward the eell body. An axon transmits nerve impnlses 
away from the eell body and dendrites. A nenron may 
have many dendrites but only one axon. The complex 
intereonneeting network of neurons enables the nervons 
system to eoordinate body fnnetions. Nervons tissue is 
discussed in more detail in ehapter 8. 




niea 


nsiqh 


Following minor injuries, tissues repair themseives 
by regeneratìon—ìhe division of the remaining 
intaet eeiis. The eapaeity to regenerate varies 
among different tissues. For exampie, epitheiiai tis- 
sues, ioose eonneetive tissues, and bone readiiy 
regenerate, but eartiiage and skeietai muscie have 
iittie eapaeity for regeneration. Gardiae muscie 
never regenerates, and neurons in the brain and 
spinai eord usuaiiy do not regenerate. 

After severe injuries, repair invoives fìbrosìs, 
the formation of sear tissue. Sear tissue is formed 
by an excess production of eoiiagen fibers by 
fibrobiasts. Sear tissues that join together tissues 
or organs abnormaiiy are eaiied adhesìons, which 
sometimes form foiiowing abdominai surgery. 



eheek 



LJnderstanding 



5. What are the distingnishing eharaeteristies, 
loeations, and fnnetions of the three types of 
muscle tissue? 

6. What types of eells form nervous tissue and what 
are their fnnetions? 

\___ J 


4.5 Body Membranes 

Learning Objeetives 

9. eompare epithelial and eonneetive tissue membranes. 

10. Deseribe the loeations and functions of eaeh type of 
epithelial membrane. 

11. Identify examples of eonneetive tissue membranes. 

Membranes of the body are thin sheets of tissue that line 
eavities, eover snrfaees, or separate tissnes or organs. Some 
are eomposed of both epithelial and eonneetive tissnes; 
others eonsist of eonneetive tissue only. 

Epithelial Membranes 

Sheets of epithelial tissue overlying a thin snpporting 
framework of areolar eonneetive tissue form the epithelial 
membranes in the body. Blood vessels in the eonneetive 
tissue serve both eonneetive and epithelial tissnes. There 
are three types of epithelial membranes: serous, mucous, 
and cutaneous membranes (figure 4.24). 
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Figure 4.24 Epithelial Membranes. 


Serous membranes, or serosae, line the ventral 
body eavity and eover most of the internal organs. They 
seerete serous fluid, a vvatery flnid, which rednees frie- 
tion between the membranes. The plenrae, perieardinm, 
and peritonenm are serons membranes. Reeall that the 
epithelinm of a serons membrane is a speeial tissne ealled 
mesothelinm. 

Mucous membranes, or maeosae, line tnbes or eav- 
ities of organ systems, which have openings to the exter- 
nal environment. Their goblet eells seerete mucus, which 
eoats the snrfaee of the membranes to keep the eells moist 
and to inbrieate their snrfaees. The mucus also helps to trap 


foreign partieles and pathogens, which limits their ability 
to enter the body. The digestive, respiratory, reprodnetive, 
and nrinary traets are lined with mucous membranes. 

The cutaneous membrane is the skin that eovers 
the body. IJnlike other membranes, its free snrfaee is dry, 
eomposed of nonliving eells, and exposed to the external 
environment. The skin is disenssed in detail in ehapter 5. 

eonneetive Tissue Membranes 

Some speeialized membranes are formed only of eonnee- 
tive tissue, usually dense irregnlar eonneetive tissue. These 
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are eonsidered in future ehapters with their respeetive 
organ systems, but here are four examples: 

1. The meninges are three eonneetive tissue 
membranes that envelop the brain and spinal eord. 

2. The perichondrium is a eonneetive tissue 
membrane eovering the snrfaees of eartilage. It 
eontains blood vessels, which supply eartilage 
through diffusion. 

3. The periosteum is a eonneetive tissue membrane 
that eovers the snrfaees of bones. It eontains blood 
vessels that enter and supply the bone. 


4. Synovial membranes line the eavities of freely 
movable joints, such as the knee joint. They 
seerete watery synovial fluid, which reduces 
frietion in the joint. 



eheek 



IJnderstanding 



7. What are the two kinds of body membranes? 

8. How do the structures, loeations, and fnnetions 
of the epithelial membranes differ? 

V___ J 



• As eells speeialize during embryonie development, they 
form groups of similar eells ealled tissues. 

• The body is formed of four basie types of tissues: epithe- 
lial, eonneetive, muscle, and nervons tissnes. 

4.1 Epithelial Tissues 

• Epithelial tissue eovers surfaces of organs and of the 
body and lines the body eavities. 

• Epithelial tissue is eomposed of elosely paeked eells with 
little extracellular material. 

• Epithelial tissues are attaehed to underlying eonneetive 
tissue by a noncellular basement membrane. 

• Epithelial tissue laeks blood vessels. 

• Epithelial tissues function in absorption, seeretion, 
filtration, diffnsion, osmosis, proteetion, and frietion 
rednetion. 

• Epithelial tissnes are elassified aeeording to the number 
of eell layers and the shape of the free snrfaee eells. The 
epithelial tissnes are 

Sìmple Epithelium 

• squamous 

• cuboidal 

• columnar 

• psendostratified eiliated eolnmnar 

Stratified Epithelium 

• stratified squamous 

• transitional 

4.2 Connective Tissues 

• Gonneetive tissue is eomposed of relatively few eells 
loeated within a large amount of matrix. 

• All but eartilage are supplied with blood vessels. 

• Gonneetive tissue binds other tissnes together and 
provides snpport and proteetion for organs and the body. 

• Gonneetive tissue is elassified aeeording to the namre of 
the matrix. The eonneetive tissnes are 

Loose Gonneetive Tissue 

• Areolar eonneetive tissue 

• Adipose tissue 

• Reticular tissue 


Dense Gonneetive Tissue 

• Dense regnlar eonneetive tissue 

• Dense irregnlar eonneetive tissue 

• Elastie eonneetive tissue 

Gartilage 

• Hyaline 

• Elastie 

• Fibroeartilage 

Bone 

Blood 

4.3 Muscle Tissues 

• Muscle tissue is eomposed of muscle eells that are 
speeialized for eontraetion. 

• Gontraetion of muscle tissue enables movement of the 
body and internal organs. 

• Muscle tissue is elassified aeeording to its loeation in the 
body, the eharaeteristies of the muscle eells, and the type 
of eontraetions (volnntary or involnntary). 

• Three types of muscle tissue are skeletal, eardiae, and 
smooth muscle tissue. 

4.4 Nervous Tissue 

• Nervous tissue eonsists of nenrons and nenroglia. 

• Nenrons eonsist of a eell body and long, thin nenronal 
proeesses, and are adapted to form and eondnet nerve 
impnlses. 

• Nervons tissue forms the brain, spinal eord, and nerves. 

4.5 Body Membranes 

• Membranes in the body are either epithelial membranes 
or eonneetive tissue membranes. 

• Epithelial membranes are eomposed of both epithelial 
and eonneetive tissnes, while eonneetive tissue 
membranes are eomposed of eonneetive tissue only. 

• There are three types of epithelial membranes: serous, 
mucous, and cutaneous. 

• Examples of eonneetive tissue membranes are meninges, 
periehondrinm, periostenm, and synovial membranes. 
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S e I f- R e vje w 

Ansvvers are loeated in Appendix B. 

1. Simple epithelial tissnes eonsist of_layer(s) of 

eells. 

2. Epithelial tissne eontains_(little/mneh) extracellular 

material. 

3. Many respiratory passagevvays are lined with_ 

epithelium. 

4. The stomaeh and intestines are lined with_ 

epithelinm. 

5. Proteetion from abrasion is the fnnetion of_ 

epithelinm. 

6. The extracellular substance in eonneetive tissnes is 
ealled 


Gritieal Thinkin 


7. _fibers provide tissnes with great strength and 

flexibility. 

8. Triglyeerides are stored within the eells of_tissue. 

9. Cushioning pads in the knee joint are eomposed 

of_. 

10. Muscle tissue in the wall of the heart is_muscle 

tissue. 

11. Muscle tissue laeking striations and found in walls of the 

digestive traet is_muscle tissue. 

12. Nervous tissue eonsists of nenrons and 

snpporting_. 

13. Membranes lining digestive, respiratory, and nrinary 

traets are elassified as membranes. 




1. Explain why healing a torn ligament ean be problematie. 

2. Why is stratified squamous epithelium not found within the lungs? 

3. Why is it important for homeostasis that eardiae and smooth muscle tissue are involuntary? 

4. How are skeletal muscle tissue, dense regnlar eonneetive tissue, and bone involved in movement of limbs? 
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GHAPTER 



Emily and Chet Roberson and their ehildren have gathered for a pienie on 
a sunny day in June to eelebrate the birthday of their youngest ehild. Emily, 
ever avvare of the risk of skin eaneer, makes sure that all of the ehildren 
are vvearing sunscreen and hats. Even Chet applies sunscreen to avoid 
getting sunburn. Hovvever, Emily left her hat at home and forgets to apply 
sunscreen to her ovvn skin after taking eare of her kids. The entire family 
enjoys tvvo hours of volleyball before retreating to a blanket in the shade 
for lunch. Later that evening, Emily assesses the damage to her body that 
her forgetfulness caused. Luckily, herthiek curly hair proteeted her sealp 
from the sun's ultraviolet (LIV) radiation and limited her sealp sunburn to 
Just the loeation of the part in her hair. The melanin vvithin Emily's tanned 
arms and legs provided some proteetion to LIV radiation, although Emily 
did end up vvith slight sunburn in these areas. All in all, Emily's skin and 
its aeeessory structures did an amazingjob of proteeting her from the 
damaging rays of the sun. 


eHAPTER OUTLINE 

5.1 Functions of the Skin 

5.2 Structure of the Skin 

and Subcutaneous 
Tissue 

• Epidermis 

• Dermis 

• Subcutaneous Tissue 

5.3 Skin Golor 

5.4 Aeeessory 

Structures 

• Hair 

• Glands 

• Nails 

5.5 Temperature 

Regulation 

5.6 Aging of the Skin 

5.7 Disorders of the Skin 

• lnfectious Disorders 

• Noninfectious Disorders 
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SELEGTED KEY TERMS 


Apoerine sweat gland (apo = 
detaehed; erin = separate off) A 
sweat gland opening into a hair 
folliele. 

Cutaneous (entane = skin) 
Pertaining to the skin. 

Dermal papìllae (papilla = 
nipple) Nipple-like projeetions of 
the dermis at the dermis-epidermis 
border. 

Dermis (derm = skin) The deep 
layer of the skin. 


Eeerine sweat gland (ee = out 

from) A sweat gland opening on 
the skin surface. 

Epidermis (epi = upon) The 
snperfieial layer of the skin. 

Hair folliele (folli = bag) A 
saelike epidermal ingrowth in 
which a hair develops. 
Integnment (integere = to eover) 
The skin. 

Keratin (kerat = horny, hard) 
Waterproofing, abrasion-resistant 
protein prodneed by keratinoeytes. 


Melanin (melan = blaek) The 
brown-black pigment formed by 
melanoeytes. 

Sebaeeons gland (seb = grease, oil) 
A sebum-producing gland assoeiated 
with a hair folliele. 

Subcutaneous tissue (sub = 
below) The loose eonneetive tissue 
deep to the skin. 

Sweat gland A sweat-producing 
gland. 


THE SKIN AND THE STRUCTURES that develop from 

it-hair, glands, and nails-form the integamemary (in-teg- 
u-men'-tar-é) sgstem. The skin, or integnment, is also 
known as the cutaneous membrane, one of the three 
types of epithelial membranes as noted in ehapter 4. The 
skin is a pliable, tough, waterproof, self-repairing barrier 
that separates deeper tissnes and organs from the exter- 
nal environment. Althongh it often gets little respeet, the 
skin is vital for maintaining homeostasis. 

5.1 Functìons of the Skin 

Learning Objeetive 

1. Explain the functions of the skin. 

The skin performs six important fnnetions: 

1. Proteetion. The skin provides a physieal 
barrier between internal tissnes and the external 
environment. It provides proteetion from abrasion, 
dehydration, nltraviolet (UV) radiation, ehemieal 
exposure, and pathogens. 

2. Excretion. Perspiration, prodneed by sweat glands, 
removes small amonnts of organie wastes, salts, and 
water. 

3. Temperatnre regnlation. During periods of 
excessive heat prodnetion by the body, blood 
vessels near the body snrfaee dilate to inerease 
heat loss and eool the body. Sweat prodnetion and 
evaporation also aid in heat loss. During periods 
of excessive heat loss, blood vessels near the body 
snrfaee eonstriet to eonserve body heat. 

4. Sensory pereeption. The skin eontains nerve endings 
and sensory reeeptors that deteet stimnli assoeiated 
with touch, pressure, temperature, and pain. 

5. Synthesis of vitamin D. Exposure to UV 
radiation stimnlates the prodnetion of preenrsor 


moleenles that are needed for the body to form 
aetive vitamin D. 

6. Absorption. The skin is eapable of absorbing 
lipid-soluble vitamins (A, D, E, and K), in addition 
to lipid-soluble drugs (e.g., topieal steroids, nieotine 
patehes) and toxins (e.g., aeetone, lead, merenry). 

5.2 Structure of the Skìn 
and Subcutaneous Tissue 

Learning Objeetives 

2. Deseribe the structures and functions of the two 
tissue layers forming the skin. 

3. Deseribe the structure and functions of the subcuta- 
neous tissue. 

The skin is thiekest in areas snbjeeted to wear and tear (abra- 
sion), such as the soles of the feet, where it may be 6 mm in 
thiekness. It is thinnest on the eyelids, eardrnms, and exter- 
nal genitalia, where it averages about 0.5 mm in thiekness. 

The skin eonsists of two major layers: the epidermis 
and the dermis. The epidermis, the thinner snperfieial layer, 
is eomposed of an epithelinm. The dermis, the thieker deep 
layer, is eomposed of eonneetive tissue. The snbentaneons 
tissae, loeated deep to the dermis, is not part of the skin but 
is eonsidered here beeanse of its elose assoeiation with the 
skin. Figure 5.1 shows the arrangement of the epidermis, 
dermis, and subcutaneous tissue as well as aeeessory organs 
of the skin. Table 5.1 snmmarizes these three tissue layers. 

Epidermis 

The epidermis is a keratinized stratified squamous epithe- 
lium. Reeall from ehapter 4 that an epithelinm is avasenlar, 
meaning it laeks blood vessels. Sinee the epidermis is prone 
to injury, the laek of blood vessels prevents nnneeessary 
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Figure 5.1 A Seetion of Skin. 


bleeding. It also means that epidermal tissne must obtain 
nutrients and remove vvastes throngh diffnsion with blood 
vessels in the dermis. However, the epidermis does eontain 
numerous nerve endings, which allows it to easily deteet 
ehanges on the body’s snrfaee. The epidermis is the bound- 
ary between the body and the external environment. It 
proteets the body against (1) the entranee of pathogens, 
(2) UV radiation, (3) excessive water loss, (4) exposure to 


environmental ehemieals, and (5) abrasion. The epidermis 
is also involved in the prodnetion of the preenrsor mol- 
ecules neeessary for aetive vitamin D prodnetion. 

The epidermis is eomposed primarily of eells ealled 
keratinoeytes and these eells are organized into distinet 
layers (figure 5.2). In the thin skin eovering the majority 
of the body's snrfaee, the epidermis is organized into four 
layers. Thiek skin, which is organized into five layers, is 
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Table 5.1 The Skin and Subcutaneous Tissue 


Layer 


Structure 


Function 


Epidermis 


Dermis 


Subcutaneous 

tissue 


Keratinized stratified squamous epithelium; forms hair 
and hair follieles, sebaceous glands, and svveat glands 
that penetrate into the dermis or subcutaneous tissue 

Areolar and dense irregular eonneetive tissues 
eontaining blood vessels, nerves, and sensory 
reeeptors 


Areolar eonneetive tissue and adipose tissue; eontains 
abundant blood vessels and nerves 


Proteets against abrasion, evaporative vvater loss, 
pathogen invasion, ehemieal exposure, and UV 
radiation 

Provides strength and elastieity; sensory reeeptors 
enable deteetion of touch, pressure, pain, eold, 
and heat; blood vessels supply nutrients to the 
epidermis 

Provides insulation, proteetion from impaet, and fat 
storage; attaehes skin to deeper organs 



Epidermis 


Dermal 

papilla 


Stratum 
corneum 

Stratum 
lucidum 

Stratum 



granulosum 


Stratum 
spinosum 


Stratum 

basale 


Dead 

keratinoeytes 


Desmosomes 

Keratinoeyte 

Dendritie eell 

Taetile eell 
Taetile dise 

Sensory 

neuron 

Melanoeyte 

Dermis 



found only in areas subjected to high levels of abrasion, 
such as the palms and soles (figure 5.3). The keratinoeytes 
within both thin and thiek skin are so named beeanse 
they nndergo a proeess ealled keratinization, which leads 
to the evenmal hardening and flattening of the eells 
throngh the prodnetion of keratin. Keratin (kef-ah-tin) 
is a tough, fibrous protein that provides waterproofing 
and abrasion proteetion for the skin. 

The deepest layer of eells, the stratnm basale 
(ba-sah'-le), continuously produces new keratinoeytes by 
mitotie eell division. As new eells are prodneed, the older 
eells snperfieial to them are gradnally pushed toward the 
surface. The eonstant division of eells in the stramm basale 
enables the epidermis to repair itself when damaged. 
Upon leaving the stramm basale, keratinoeytes enter the 
stratnm spìnosnm. In this layer, keratinoeytes begin 
to prodnee keratin within their eytoplasm. Neighboring 


Superficial 

À 




Stratum 

corneum 


Stratum 

lucidum 

Stratum 

granulosum 

Stratum 

spinosum 


Stratum 

basale 


Dermis 


Dermal papilla 


Figure 5.2 Anatomy of the Epidermis. 

(a) The five layers of the epidermis in thiek skin and the four types of eells that eompose the epidermis. (b) Photomierograph 
of the epidermis (200x) in thiek skin. 1^!^ 
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Epidermis 


Epidermal 
ridge 

Dermal 
papilla 


Dermis— 





Epidermis— 


Dermis 





(b) Thin skin 


(e) Thiek skin 


Figure 5.3 Comparison of the Epidermis in Thin and Thiek Skin. 

(a) A seetion of the skin. (b) Photomierograph of thin skin (400x). (e) Photomierograph of thiek skin (100x). 


eells also beeome physieally eonneeted, which ereates a 
''spiny'' appearanee mieroseopieally in fixed tissne. 

As the keratinoeytes eontinne to be pnshed towards 
the epidermal snrfaee, they leave the stratnm spinosnm and 
enter the stratum granulosum. The eells within this layer 
possess nnmerons grannles that stain darkly in tissne see- 
tion and are essential for the formation of keratin inside the 
eells. The eells within the stratnm grannlosnm also nndergo 
apoptosis, which is programmed eell death and involves the 
destrnetion of the nnelens and other organelles. 

In thiek skin, eells move snperfieially into the 
stratum lucìdum (see fignre 5.2). Beeanse the eells 
in this layer do not have nnelei or organelles, this layer 
often appears 'dneid'' or transparent in seetion. The stra- 
tum lucidum is absent in thin skin, meaning eells move 
direetly from the stramm granulosum into the most 
snperfieial layer of the epidermis, the stratum corneum 
(kof-nè-um). The stramm corneum is so named beeanse it 
eonsists of approximately 20-40 layers of dead, squamous, 
and keratinized (eornified) eells. The snperfieial eells of 
the stramm eornenm are eontinnally being slonghed off 
and replaeed by nnderlying eells moving towards the sur- 
faee. The journey from stramm basale to stramm eornenm 
usually takes seven to ten days, with eells remaining in 
the stramm eornenm for another two weeks on average. 

Three types of speeialized eells are also present in 
the epidermis (see figure 5.2). Melanoeytes (mel-an'- 
ó-sitz) are loeated in the stramm basale. They prodnee 
the brown-black pigment that is primarily responsible 
for skin eolor. Dendritie (Langerhans) eells are loeated 
in the strata spinosnm and granulosum of the epidermis 
and are derived from monoeytes, a type of white blood 
eell (see ehapter 11). These eells migrate throughout the 



VVhenever possible, surgeons try to make ineisions 
parallel to the dominant direetion of eollagen fibers 
in the dermis because the healing of such ineisions 
forms little sear tissue. 




epidermis where they use phagoeytosis to remove patho- 
gens trying to enter the body and alert the lymphoid sys- 
tem to launch an attaek. Taetile (Merkel) eells in the 
stramm basale work with taetile dises in the dermis in 
touch sensation deteetion (see ehapter 9). 

Dermis 

The dermis, the deep layer of the skin, ean be divided 

into two regions: the snperfieial papillary layer and the 

deeper retienlar layer (see figure 5.1). 

The papillary layer of the dermis is adjaeent to the 

epidermis and is eomposed of areolar eonneetive tissue. 

The most notable feamres of this region are dermal 

/ 

papillae (pah-pil-è), nipple-like projeetions of the der- 
mis that extend snperfieially into the epidermis. The 
dermal papillae eontain numerous blood vessels that are 
used to supply nutrients to and remove wastes from the 
adjaeent epidermal eells throngh diffnsion. They eontain 
touch reeeptors ealled the taetile (Meissner) corpuscles 
(see figure 5.1 and ehapter 9). The epidermal ridges and 
grooves that prodnee the fingerprints and toe prints 
unique to eaeh person are formed by the dermal papil- 
lae (figure 5.4, see figure 5.3). Epidermal ridges provide a 
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Pores of eeerine 
sweat gland ducts 

Epidermal groove 


Epidermal ridge 


Subcutaneous Tissue 

The subcutaneous tissue, also ealled the hypodermis, 
attaehes the skin to deeper tissnes and organs. It eonsists 
primarily of areolar eonneetive tissne and adipose tissne. 
It is the site used for subcutaneous injeetions and where 
white blood eells attaek pathogens that have penetrated 
the skin. Subcutaneous adipose tissue absorbs the forees 
ereated by impaet to the skin, which proteets deeper 
structures, and serves as a storage site for fat. It insnlates 
the body by eonserving body heat and limits the pen- 
etration of external heat into the body. Blood vessels and 
nerves within the subcutaneous tissue give off branehes 
that supply the dermis. 



Check My IJnderstanding 

1. What are the general fnnetions of the skin? 

2. What ehanges occur in epidermal eells after they 
are formed? 

3. What are the fnnetions of the dermis and subcu- 
taneous tissue? 


5.3 Skin Color 


Figure 5.4 Epidermal ridges and grooves. The pattern 
of epidermal ridges and grooves is established by the 
dermal papillae of the papillary layer of the dermis. 

textured surface that inereases traetion on these gripping 
snrfaees, in addition to the man-made applieation of per- 
sonal identifieation. The dermal papillae and epidermal 
ridges also help to interloek the epidermis and dermis, so 
that they move as a unit. 

The reticular layer of the dermis is deeper and 
thieker than the papillary layer, making up 70-80% of 
the total thiekness of the dermis. The dense irregnlar 
eonneetive tissue within this region possesses an abun- 
danee of eollagen and elastie fibers. The eollagen pro- 
vides the dermis with strength and tonghness, while 
the elastie fibers provide extensibility (ability to streteh) 
and elastieity (ability to remrn to its original shape). 
Numerous pressure, pain, and temperatnre reeeptors are 
loeated here. For example, the lamellated (Paeinian) 
corpsucles that are used to deteet pressure are found 
within the deeper areas of the retienlar layer (see 
figure 5.1 and ehapter 9). Free nerve endings responsible 
for touch, pain, and temperamre are loeated throughout 
both the dermis and the epidermis (see ehapter 9). The 
blood vessels found within this region play an impor- 
tant role in temperamre regnlation, which is eonsidered 
later in this ehapter. 


Learning Objeetives 

4. Deserlbe how skln eolor Is determlned. 

5. Explaln how the skln provldes proteetlon from 
ultravlolet radlatlon. 

Skin eolor resnlts from the interaetion of three different 

pigments: hemoglobin, earotene, and melanin. Hemoglobin 

(hémò-glò"-bin) is the red pigmented protein in red blood 

eells that is used to earry oxygen and earbon dioxide in the 

blood. Garotenes (kaif- ò-tèns) are a group of Iipid-soIubIe 

plant pigments that range in eolor from violet, to red-yeIIow, 

to orange-yeIIow. Beta-earotene, which is the most abnndant 

earotene, is found in yeIIow-orange and green leafy frnits and 

vegetables. The human body uses earotenes for vitamin A 

prodnetion, which is needed for the maintenanee of epithe- 

lial tissnes. Excess earotenes are stored in and add eolor to the 

bodys fatty areas, such as the subcutaneous tissue, and the 

/ 

stramm eornenm. Melanìn (mel-ah-nin) is a brown-bIack 
pigment that is formed by melanoeytes (figure 5.5). Mela- 
noeytes insert melanin into adjaeent keratinoeytes where it 
forms a proteetive UV radiation shield over their nuclei. 

Most people have the same number and distribntion 
of melanoeytes. Generally, melanoeytes are equally distrib- 
uted throughout the epidermis. However, there are areas 
that have higher numbers of melanoeytes and, as a result, 
greater amounts of melanin and darker eoloring. Areas of 
the skin snbjeeted to more sun exposure, such as the faee, 
neek, and limbs, have greater nnmbers of melanoeytes to 
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Cellular 
extension of 
melanoeyte 


Melanin 

granules 


Basement 

membrane 




hemoglobin is relatively eonstant, but it is often masked 
by high eoneentrations of melanin. Dark-skinned raees 
produce abundant melanin and have a greater protee- 
tion from UV radiation. Caucasians prodnee relatively 
little melanin and are more snseeptible to the harmfnl 
effeets of UV radiation. The redneed amount of melanin in 
light-skinned Caucasians allows the hemoglobin of blood 
within dermal blood vessels to show throngh and give the 
skin a pinkish hue. Some people of Asian deseent have 
a yellowish-tinged skin eolor due to the presenee of a 
different form of melanin. 



eheek 



Understandinq 



4. What relationship exists between skin eolor and 
proteetion against UV radiation? 


5.4 Aeeessory Structures 

Learning Objeetives 

6. Deseribe the anatomy of eaeh aeeessory structure 
formed by the epidermis. 

7. Explain the function of eaeh epidermal aeeessory 
structure. 


Figure 5.5 A melanoeyte with cellular extensions 
that transfer melanin granules to adjaeent epider- 
mal eells. ÍàpIR] 

provide more UV proteetion to these areas. Greater mela- 
noeyte nnmbers are also found in structures such as the 
areola surrounding the nipple and the external genita- 
lia, ereating darker eoloration in body areas that indieate 
reprodnetive readiness. Also, melanoeytes ean occur ran- 
domly in small clumps and ereate freekles due to the eon- 
eentration of melanin in small patehes. 

The amount of melanin that a person ean prodnee is 
determined genetieally. Some people are genetieally pre- 
disposed to make melanin at a faster rate, which resnlts 
in a darker skin eolor. Other people are predisposed to 
make melanin at a slower rate, which resnlts in a lighter 
skin eolor. A person's rate of melanin prodnetion ean be 
inflneneed by exposure to UV radiation. Exposure to UV 
radiation will inerease melanin prodnetion and prodnee 
a tanned appearanee in lighter-skinned individnals. The 
inereased melanin prodnetion is a proteetive, homeostatie 
meehanism. When exposure to UV radiation deereases, 
melanin prodnetion also deereases and the tan is lost 
in a few weeks as the 'Tanned'' eells migrate to and are 
slonghed off the stratnm eornenm. 

The skin eolors eharaeteristie of the varions human 
raees result primarily from varying amonnts of earotene 
and melanin in the skin and are inherited. The effeet of 


The aeeessory structures of the skin-hair, glands, and 
nails-develop from the epidermis. These strnemres origi- 
nate in either the dermis or the subcutaneous tissue 
because they develop from inward growths of the epi- 
dermis. Table 5.2 snmmarizes these aeeessory structures. 

Hair 

A hair is formed of keratinized eells and eonsists of two 
parts: a shaft and a root. The hair shaft is the portion that 
projeets above the skin snrfaee. The hair root lies below 
the skin snrfaee in a hair folliele, an inward, tubu- 
lar extension of the epidermis. The folliele penetrates 
into the dermis and usually into the subcutaneous tis- 
sue (figure 5.6; see figure 5.1). The region of eell divi- 
sion, where the stramm basale forms new hair eells, is 
loeated in the hair balb (base) of the folliele. The hair bulb 
is enlarged where it fits over a dermal papilla, which eon- 
tains blood vessels that nonrish the dividing epidermal 
eells. The hair eells beeome keratinized, die, and beeome 
part of the hair root. The eontinning prodnetion of new 
eells causes growth of the hair. 

Eaeh hair folliele has an assoeiated arreetor pili masele 
that is attaehed at one end to the deeper portion of a 
hair folliele and to the papillary layer of the dermis at the 
other end (see figure 5.6). Eaeh muscle is a small group 
of smooth muscle eells. When a person is frightened or 
very eold, the arreetor pili mnseles eontraet and raise the 
hairs on end, prodneing goose bumps or ehieken skin. 
Though of little value in humans, the ereet hairs express 
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Table 5.2 Aeeessory Structures 

Structure Origin Function 


Hair 


Sebaeeoos glands 


Svveat glands 


Ceruminous glands 
Nails 


Fused keratinized epidermal eellsformed 
at base of hair folliele 


Formed as an epidermal outpocketing 
from a hair folliele 

Apoerine svveat glands formed as an 
epidermal outpocketing from hair follieles in 
axillary, areolar, beard, and genital regions 

Eeerine svveat glands formed as epidermal 
ingrovvth 


Sealp hair: proteets sealp from excessive heat loss, 
meehanieal injury, and UV radiation 

Eyelashes and eyebrovvs: proteet eyes from sunlight 
and dust 

Ear and nasal hairs: keep dust and inseets out of the 
external acoustic meatus and nasal eavity 

Produce sebum to prevent excessive dryness of hair and 
skin, inhibit mierobial grovvth on skin surface, and reduce 
evaporative vvater loss 

Produce a svveat that eontains human pheromones 


Produce svveat that eools the body through evaporation, 
proteets from pathogens through lysozyme, has an aeidie 
pH, provides a flushing aetion, and makes minor contribu- 
tion to vvaste removal 


Modified svveat glands 

Eused keratinized epidermal eellsformed 
vvithin an ingrovvth of the epidermis 


Produce vvaxy cerumen to keep eardrum moist and capture 
partieles and inseets entering external acoustic meatus 

Proteet the distal surfaces offingers and toes; manipulating 
small objeets 


Flair root 


Duct 
Flair folliele 


Hair bulb 


Apoerine 
svveat gland 



Hair shaft 


Pore of 
eeerine 
svveat glands 

Duct of eeerine 
svveat gland 

Arreetor pili 
muscle 


Sebaceous 

gland 


Eeerine 
svveat gland 


rage to enemies or inerease the thiekness of the 
insnlating layer of hair in eold weather in many 
mammals. 

Hair is present over most of the body, but 
it is absent on the soles, palms, nipples, lips, and 
portions of the external genitalia. Its primary func- 
tion is proteetion, althongh the tiny hairs over 
much of the body have little hmetion. Eyelashes 
and eyebrows shield the eyes from snnlight and 
foreign partieles. Hair in the nostrils and exter- 
nal aeonstie meatnses (ear eanals) aet as filters to 
proteet against the entranee of foreign partieles 
and inseets. Hair proteets the sealp from snnlight, 
meehanieal injury, and heat loss. The hair root 
plexus wrapping around the hair folliele deteets 
movement of the hair shaft when skin eontaet is 
made (see figure 5.1). 


Glands 

Exocrine glands assoeiated with the skin are of 
three types: sebaeeons (oil), sweat, and eernmi- 
nous (wax) glands. Eaeh type of gland is formed 
by an inward growth of the epidermis during 
embryonie development. 


Sebaceous Glands 


Sebaceous (se-bà-shus) glands are oil-producing 
glands that usually empty their oily seeretions 
into hair follieles (see fignres 5.1 and 5.6). The oily 


Figure 5.6 Aseetion of skin showing the assoeiation of a hair 
folliele, arreetor pili muscle, sebaceous gland, apoerine sweat 
gland, and eeerine sweat gland. &P|R] 
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Normal hair loss from the sealp is about 75 to 
100 hairs per day. Hair loss is inereased and regen- 
eration is deereased by poor diet, major illnesses, 
emotional stress, high fever, eertain drugs, ehemi- 
eal therapy, radiation therapy, and aging. Baldness, 
an inherited trait, is much more eommon in males 
than in females. 



seeretion, ealled sebum, moves snperfieially along the 
hair root nntil it reaehes the skin snrfaee. Sebnm helps 
to proteet the body by inhibiting the growth of some 
pathogens on the skin snrfaee and by keeping the hair and 
skin pliable and soft. Moismrizing the skin keeps it from 
beeoming dry and eraeked, which ereates passageways for 
pathogens to enter the body. It also aids in preventing 
dehydration by redneing evaporative water loss. 


Sweat Glands 


Sweat glands play an important role in maintaining 
homeostasis. The two types of sweat glands are apoerine 
siveat glands and eeerine (or meroerine) siveat gìands. Both 
types of glands are mbnlar in shape, similar to a garden 
hose. The seeretory portion of both types of sweat glands is 
eoiled and loeated within the dermis and subcutaneous tis- 
sue, with the apoerine type loeated deeper than the eeerine 
type. In addition to being riehly snpplied with blood ves- 
sels, eaeh sweat gland possesses a relatively straight, nar- 
row duct that earries the glandular seeretion to either the 
skin snrfaee or a hair folliele (see fignres 5.1 and 5.6). 

Eeerine (ek'-rin) sweat glands are the most abun- 
dant skin glands, with over two million seattered aeross 
the body snrfaee. The elear, watery sweat prodneed is 
delivered throngh a narrow duct direetly to the skin 
snrfaee. Eeerine sweat glands are aetive from birth and 
are stimnlated to prodnee sweat when body tempera- 
mre starts to rise during aetivities such as exercise. The 
watery namre of eeerine sweat assists in eooling the body 
throngh evaporation from the skin snrfaee. Eeerine sweat 
is eapable of proteeting the body from environmental 
hazards. It eontains a ehemieal ealled Igsozgme, which has 
the ability to kill eertain types of baeteria on the skin 
snrfaee. The slightly aeidie nature of eeerine sweat lim- 
its pathogen growth on the skin snrfaee. Also the large 
voIume of sweat that ean be prodneed ereates a flnshing 
aetion that ean wash ehemieals, pathogens, dirt, ete. from 
the skin snrfaee. Althongh the kidneys and Iungs are the 
primary organs of excretion, eeerine sweat does eontain 
small amonnts of salts and wastes, in addition to other 
snbstanees that happen to be in excess within the blood. 
For example, glneose (blood sugar) ean be deteeted in the 
sweat of individnals with diabetes mellims. 


Apoerine (ap'-ó-krin) sweat glands have ducts 
that empty seeretions into hair follieles (see figure 5.6). 
They occur primarily in the axillary, areolar, beard, and 
genital regions and beeome aetive at pnberty under the 
inflnenee of the sex hormones. These glands beeome 
aetivated during times of emotional stress and sexual 
excitement. Apoerine sweat is viseons and milky in 
eolor, due to the addition of lipid and proteins. Althongh 
the seeretions are essentially odorless, deeomposition by 
baeteria prodnees waste prodnets that cause body odor. 
Apoerine sweat also eontains pheromones, ehemieals with 
the ability to alter physiologieal proeesses in nearby 
organisms. Smdies have demonstrated the ability of 
human pheromones to affeet reprodnetive hmetion in 
males and females. 

Ceruminous Glands 

Ceruminous (se-ru'mi-nus) glands are modified apo- 
erine sweat glands that are loeated in the external acous- 
tie meams and prodnee a waxy seeretion ealled eeramen. 
The stieky, waxy namre of eemmen helps to keep foreign 
partieles and inseets out of the external aeonstie meams. 
Oeeasionally, excessive prodnetion of eemmen causes 
a buildup of wax that beeomes impaeted in the exter- 
nal aeonstie meams. This eondition may cause a slight 
hearing loss as well as pain. Onee the impaeted wax is 
removed by irrigation and/or meehanieal means, hearing 
remrns to normal. 

Nails 

Hard, hooflike nails, eomposed of dead keratinized epi- 
dermal eells, eover the distal snrfaees of the fingers and 
toes (figure 5.7). A nail eonsists of a nail bodg, the por- 
tion that is visible, and a nail root, the proximaI portion 
that is inserted into the dermis. Nails are eolorless but 
they normally appear pinkish due to the blood vessels 
in the nail bed, which is the skin deep to the nail body. 
Nails appear bluish in persons snffering from severe ane- 
mia or oxygen defieieney. Near the nail root is a whitish, 
ereseent-shaped area that is ealled the lanala. The emiele is 
a band of epidermis attaehed to the proximaI border of the 
nail body. The major fnnetion of nails is proteetion, but 
fingernails are also useful in manipnlating small objeets. 



Sebaceous glands inerease their production of 
sebum at puberty. Accumulated sebum in enlarged 
hair follieles may form blaekheads, whose eolor 
eomes from oxidized sebum and melanin and not 
from dirt as is eommonly believed. Invasion of eer- 
tain baeteria may result in pimples or boils. 
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Fìgure 5.7 The structure of a fingernail. A fingernail is 
eomposed of dead, heavily keratinized epidermal eells 
that are formed and undergo keratinization in speeial- 
ized tissue deep to the nail root. |APl^ 



eheek 



Understandinq 


5. Explain the hinetions of hair. 

6. What are the hinetions of sebaeeons and sweat 
glands? 


J 


5.5 Temperature Regulation 

Learning Objeetives 

8. Deseribe how the skin aids in the regulation of body 
temperature. 

9. Gontrast hypothermia and hyperthermia, including 
the causes and bodily effeets of eaeh. 

Aeeording to a 1992 study published in the Joarnal of the 
Ameriean Medieal Assoeiation, humans are able to maintain 
an average healthy body temperatnre near 36.8°C (98.2°F), 
althongh the surrounding environmental temperatnre 
may vary widely. Variations in body temperatnre of 0.5° 
to 1.5°F during a 24-hour aetivity eyele are normal, but 


variations of more than a few degrees ean be life threaten- 
ing. The brain eontrols the regnlation of body temperamre, 
while the skin plays a key role in eonserving or dissipating 
heat. Deeomposition reaetions (see ehapter 2), espeeially in 
metabolieally aetive tissnes such as the liver and skeletal 
mnseles, are the source of body heat. Figure 5.8 illustrates 
the major aspeets of temperamre regulation. 

When body temperamre begins to rise above nor- 
mal, the brain triggers dilation (widening) of the blood 
vessels within the skin. The resnlting inerease in blood 
flow to the skin inereases heat loss from the skin snrfaee. 
When body temperamre beeomes excessively high, the 
brain also aetivates eeerine sweat glands. These glands 
release sweat onto the skin snrfaee and its evaporation 
aids in the removal of excess heat. Onee body tempera- 
mre remrns to normal, these ehanges in blood flow and 
sweat prodnetion eease. 

When body temperamre begins to fall below nor- 
mal, the brain triggers eonstrietion (narrowing) of the 
blood vessels within the skin. The resnlting deerease in 
blood flow to the skin deereases heat loss from the skin 
snrfaee. Eeerine sweat glands are not aetivated, so heat is 
not lost throngh sweat evaporation. If heat loss beeomes 
excessive, the brain stimnlates small groups of skeletal 
muscles to produce involuntary, rapid, small eontrae- 
tions (shivering). The inerease in skeletal muscle aetivity 
inereases eellnlar respiration and ATP hydrolysis, which in 
mrn generates additional heat to raise body temperamre. 
Onee body temperamre remrns to normal, the ehanges in 
blood flow and muscle aetivity remrn to normal. 

Sometimes the temperature-regulating meehanism 
is insnffieient to eonnter environmental extremes of tem- 
peramre. Hypothermia, a body temperamre below 35.0°C 
(95.0°F), ean result from prolonged exposure to a eold 
environment, which overwhelms the body's temperamre- 
regnlating meehanism. Without treatment, an initial 
feeling of eoldness and shivering ean progress to men- 
tal eonfnsion, lethargy, loss of eonseionsness, and death. 
Persons with little subcutaneous fat (e.g., elderly or thin 
persons) are more snseeptible to hypothermia. In treating 
a person with hypothermia, the body temperatnre must 
be raised gradually to stabilize the cardiovascular and 
respiratory systems. 

In hyperthermia, the temperature-regulating meeha- 
nism eannot prevent a dangerons inerease in body temper- 
amre. A person with hyperthermia has a body temperamre 
over 40°C (104°F). It ean be caused by environmental 
faetors, trauma, or drug exposure. Consider a person in an 
environment with both a high air temperamre and high 
hnmidity level. The high hnmidity prevents perspiration 
from evaporating and eooling the skin snrfaee. The high 
air temperamre also deereases heat loss and, in simations 
where the environmental temperamre is higher than body 
temperamre, heat is aemally gained from surrounding air. 
In such an environment, excessive physieal exertion is a 


























98 


ehapter 5 Integumentary System 



INTEGRATING 
GENTER 

The brain deteets the 
deviation from the 
norm and signals 
effeetor organs. 





SENSORY 

REGEPTORS 

Thermoreeeptors 
send signals to the 
integrating eenter. 




EFFEOTORS 

Skin blood vessels 
dilate and sweat 
glands seerete. 



Blood vessel dilates 
(vasodilation) 






Heat loss 

aeross 

epidermis 

Epidermis 



Stimulus 

Body temperature 
rises above normal. 




Begin 


Response 

Body heat is lost to 
surroundings; temperature 
drops toward normal. 


/ 





Stimulus 

Body temperature 
drops below normal 



Response 

Body heat is eonserved, 
temperature rises toward normal 



SENSORY 
REGEPTORS 

Thermoreeeptors ^ 
send signals to the 
integrating eenter. 




EFFEOTORS 

Skin blood vessels 
eonstriet and sweat 
glands remain 
inaetive. 



Blood vessel 
eontriets 

(vasoeonstrietion) 


Epidermis 



EFFEOTORS 

■ 

Skeletal muscle 
aetivity generates 
body heat. 


INTEGRATING 
OENTER 

The brain deteets the 
deviation from the 
norm and signals 
effeetor organs. 




If body temperature 
continues to drop, 
integrating eenter signals 
skeletal muscles to 
eontraet involuntarily. 



Figure 5.8 The Negative-Feedbaek Meehanism that Regulates Body Temperature. 
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Physieians have knovvn for a iong time that the UV 
radiation in suniight produces damaging ehanges in 
the skin. The damage is cumuiative, aithough a singie 
day’s exposure ean produce notieeabie ehanges. 
Short-term ehanges inciude sunburn and a tan as the 
body tries to proteet itseif from UV radiation by pro- 
ducing more meianin. Long-term UV damage ranges 
from inereased vvrinkiing and ioss of eiastieity to iiver 
spots and skin eaneer. 

Because the iong-term effeets of UV radiation 
do not appear for a number of years, the summer 
tans so important to some peopie vviii aeeeierate 
aging of the skin and may produce skin eaneers in 
iater iife. The advent of tanning saions oniy inereases 
potentiai probiems for unvvary users. 

Skin eaneer is by far the most eommon type of 
eaneer. Fortunateiy, mostskin eaneers are eareìnomas 
invoiving basai or squamous eeiis and are usuaiiy 
curabie by surgicai removai. Hovvever, melanoma, 
eaneer of meianoeytes, tends to spread rapidiy to 
other organs and ean be iethai if it is not deteeted and 
removed in an eariy stage. Meianoma is fatai in about 
45% of the eases. 

The undesirabie effeets of overexposure to UV 
radiation ean easiiy be prevented by reducing the 
exposure of the skin to suniight and by the iiberai 
use of sunbiock. UV radiation is at its peak betvveen 
11:00 A.M. and 3:00 P.M., so avoiding exposure during 
these hours is espeeiaiiy heipfui. 



Sunbiock is avaiiabie vvith different ieveis of pro- 
teetion, and they are iabeied aeeording to the sun 
proteetion faetor (SPF) provided. This aiiovvs for the 
seieetion of a sunbiock that is appropriate for a particu- 
iar type of skin and duration of exposure. For exampie, 
sunscreens vvith an SPF of 30 or higher are avaiiabie 
for fair-skinned persons vvho burn easiiy. Sunbiock vvith 
an SPF of 15 may give adequate proteetion for oiive- 
skinned persons vvho rareiy burn. 

Because of its deadiy nature, the Ameriean Ganeer 
Soeiety has devised the “ABCD ruie” for distinguishing 
maiignant meianoma from a moie: A for asymmetry (one 
side has a different shape than the other); B for border 
irreguiarity (the border is not uniform); C for eoior (eoior 
is not uniform, often a mixture of biaek, brovvn, tan, or 
red); D for diameter (more than 14 ineh). 



A Cutaneous Malignant Melanoma. 



eommon trigger for hyperthermia. Persons who are dehy- 
drated or overweight are also easily susceptible. Without 
treatment, progressive symptoms may include nausea, 
headaehe, dizziness, eonhision, loss of consciousness, and 
death. Lying in a tub of eool (not eold) water is an effee- 
tive treatment except in severe eases. 



eheek 



IJnderstanding 


7. How is the skin involved in the regulation of 
body temperamre? 


5.6 Aging of the Skin 

Learning Objeetive 

10. Deseribe how aging affeets the skin. 

A newborn infanLs skin is very thin, and there is not a lot 
of subcutaneous fat present. During infaney, an infanLs 


skin thiekens and more subcutaneous fat is deposited, 
producing the soft, smooth skin typieal of infants. 

As a ehild grows into adulthood, the skin continues 
to beeome thieker because it is subjected to numerous 
harmhil eonditions: sunlight, wind, abrasions, ehemi- 
eal irritants, and invasions of baeteria. The continued 
exposure of the skin through the adult years produces 
damaging effeets. However, notieeable ehanges usually 
are not apparent until a person approaehes 50 years 
of age. Thereafter, continued aging of the skin is more 
notieeable. 

Typieal ehanges in aging skin are as follows: (1) a 
breakdown of eollagen and elastie fibers (hastened by 
exposure to sunlight) causes wrinkles and sagging skin; 
(2) a deerease in subcutaneous fat makes a person more 
sensitive to temperamre ehanges; (3) a deerease in sebum 
production by sebaceous glands may cause dry, itehy 
skin; (4) a deerease in melanin production produces gray 
hair and sometimes a splotehy pattern of pigmentation; 
and (5) a deerease in hair replaeement results in thinning 
hair or baldness, espeeially in males. 
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5.7 Disorders of the Skin 

Learning Objeetive 

11. Deseribe the eommon infectious and noninfectious 
disorders of the skin. 

Because the skin is in eontaet with the environment, 
it is espeeially susceptible to injuries, such as abrasions 
(seraping), eonmsions (brnises), and cuts. Other eommon 
disorders of the skin may be snbdivided into infeetions 
and noninfeetions disorders. Some inflammatory disorders 
may fall into either group, depending upon the speeifie 
cause of the disorder. Gommon ehildhood diseases, such 
as ehieken pox and measles, are not listed here but pro- 
duce skin lesions that eharaeterize the partienlar disease. 

lnfectious Disorders 

Aene (ak'-nè) is a ehronie skin disorder eharaeterized by 
plngged hair follieles that often form pimples (pustules) 
due to infeetion by eertain baeteria. It often appears at 
pnberty, when sex hormones stimnlate inereased sebum 
seeretion. 

Athlete^s foot (tinea pedis) is a slightly eontagions 
infeetion that is caused by a fungus growing on the skin. 
It prodnees reddish, flaky, and itehy patehes of skin, 
espeeially between and under the toes, where moismre 
persists. 

Boìls are acute, painhil Staphyloeoeeas infeetions of 
hair follieles and their sebaeeons glands as well as the sur- 
rounding dermis and subcutaneous tissue. The union of 
several boils forms a earbanele. 

Fever blisters, or eold sores, are elnsters of fluid- 
filled vesieles that occur on the lips or oral membranes. 
They are caused by a Herpes simplex virus (type 1) and are 
transmitted by oral or respiratory exposure. Genital herpes, 
which is caused by either Herpes simplex virus type 1 
or Herpes simplex virus type 2, results in the formation 
of painfnl blisters on the genitals as a result of infeetion 
transmitted by sexual aetivity. 

Impetigo (im-pe-ti'-gó) is a highly contagious skin 
infeetion caused by baeteria. It typieally occurs in ehildren 
and is eharaeterized by fluid-filled pustules that rupture, 
forming a yellow emst over the infeeted area. 

Neninfectious Disorders 

Alopeeia (al-ò-pày'-shè-ah) is the loss of hair. It is most 
eommon in males who have inherited male pattern bald- 
ness, but it may result from noninherited causes, such as 
poor nutrition, sensitivity to dmgs, and eezema. 

Bed bugs (Cimex leetnlarinr) are mieroseopie para- 
sitie inseets that feed almost exclusively off human blood. 
Their preferred habitats are sleeping areas in hotels and 
homes, but they ean also be found in offiee bnildings, 
movie theaters, and public transportation vehieles. Bed 


bugs exhibit peak feeding aetivity at night, with a pref- 
erenee for exposed areas of skin, and leave behind itehy 
welts. Washing infested elothes and bedding at 115°F 
(46°C) will kill bed bugs. inseetieides, deep eleaning 
of infested areas, and disearding mattresses are reeom- 
mended for living areas and other eontaminated areas. 

Bedsores (decubitus ulcers) result from a ehronie 
defieieney of blood eirenlation in the dermis and subcuta- 
neous tissue. Bedsores form over bones that are snbjeeted 
to prolonged pressnre against a bed or east. They are most 
eommon in bedridden patients. Frequent mrning of bed- 
ridden patients helps to prevent bedsores. 

Blisters, fluid-filled poekets, form when an abra- 
sion, burn, or injury causes the epidermis to separate from 
the dermis. 

Burns are damage to the skin caused by heat, ehemi- 
eals, or radiation. Burns are elassified aeeording to the degree 
of damage. A first-degree barn involves only the epidermis. 
Healing is usually rapid. A seeond-degree barn produces 
damage to the epidermis and the snperfieial portion of the 
dermis. Painfnl blisters form between the epidermis and der- 
mis but usually no infeetion occurs. Healing requires two 
to several weeks, and searring may occur. First and seeond 
degree burns are also referred to as partial thiekness barns 
beeanse they do not penetrate throngh the full thiekness of 
the skin. A third-degree barn (or fall thiekness barn) destroys 
the epidermis, dermis, glands, hair follieles, and nerve end- 
ings. Most eases of third-degree burns are painless due to 
the eomplete destruction of nerve endings. Normal skin 
fnnetions are lost, so eare must be given in order to eontrol 
fluid loss and baeterial infeetion. Skin grafting is often neees- 
sary, and searring usually results. 

Calluses and eorns are thiekened areas of skin that 
result from ehronie pressnre. Calluses are larger and often 
occur on the palms and on the balls of the feet. Corns are 
smaller and usually occur on the snperior snrfaee of the 
toes. Improperly fitting shoes are frequent causes of eorns 
on the feet. 

A eommon mole (nevus) is a pink, tan, or brown 
growth usually appearing in ehildhood and eontinning 
to develop into adnlthood. Common moles result when 
melanoeytes grow in elnsters and rarely do they develop 
into melanoma. 

Dandrnff (seborrheie dermatitis) is the excessive 
shedding of dead epidermal eells from the sealp as a result 
of excessive eell production. It is usually caused by sebor- 
rheie eezema of the sealp, a noninfectious dermatitis. 

Eezema (ek-zè'-mah) (atopie dermatitis) is an inflam- 
mation prodneing redness, itehing, sealing, and sometimes 
eraeking of the skin. It is noninfeetions and noneontagions, 
and it may result from exposure to irritants or from allergie 
reaetions. Seborrheie eezema is eharaeterized by hyperaetiv- 
ity of sebaeeons glands and patehes of red, sealing, and 
itehing skin. It may occur at the eorners of the mouth, in 
hairy areas, or in skin exposed to irritants. 
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Hives are red, itehy bumps or wheals that usually 
result from an allergie reaetion to eertain foods, drugs, or 
pollens. 

Psoriasis (sò-ri'-ah-sis) is a ehronie, noneontagions 
dermatitis that is eharaeterized by reddish, raised patehes 


of skin that are eovered with whitish seales. It resnlts 
from excessive eell prodnetion that may be triggered by 
emotional stress or poor health. The affeeted area may be 
slightly sore or may iteh. Psoriasis occurs most often on 
the sealp, elbows, knees, bnttoeks, and lumbar areas. 


ehapter Sammary 

• The integnmentary system is eomposed of the skin and 
its epidermal derivatives. 

• The skin is also ealled the entaneons membrane or 
integnment. 

5.1 Functions of the Skin 

• Proteetion 

• Excretion 

• Temperamre regnlation 

• Sensory pereeption 

• Synthesis of vitamin D 

• Absorption 

5.2 Structure of the Skin and 

Subcutaneous Tissue 

• The skin is eomposed of a snperfieial epidermis that 
eovers the deep dermis. 

• The epidermis eonsists of keratinized stratified squamous 
epithelium, which laeks blood vessels. 

• The epidermis is organized into five layers in thiek skin 
and four layers in thin skin. 

New epithelial eells are eonstantly formed by the 
stratnm basale. As the eells migrate toward the snrfaee, 
they beeome keratinized, die, and finally are slonghed off 

• The epidermis eontains four types of eells: keratinoeytes, 
melanoeytes, dendritie eells, and taetile eells. 

• The dermis is divided into a papillary layer made of 
areolar eonneetive tissue and a retienlar layer made 
of dense irregnlar eonneetive tissue eontaining both 
eollagen and elastie fibers. 

• The dermis eontains blood vessels, nerves, and sensory 
reeeptors. 

Dermal papillae ereate epidermal ridges that ereate finger 
and toe print patterns. Together they help to interloek 
the dermis and epidermis. 

• The subcutaneous tissue attaehes the skin to deeper 
tissnes and organs, absorbs impaet, and stores fat. 

• The subcutaneous tissue eonsists of areolar eonneetive 
tissue and adipose tissue. It eontains blood vessels and 
nerves. 

5.3 Skin Color 

• The eolor of the skin is inherited and resnlts from the 
presenee of three pigments: hemoglobin in dermal blood 
vessels, earotene in the epidermis and subcutaneous 
tissue, and melanin in the epidermis. 


• Melanin is a brown-black pigment prodneed by 
melanoeytes in the stramm basale of the epidermis and 
is ineorporated into the keratinoeytes. 

• Melanin proteets the body from UV radiation. 

5.4 Aeeessory Structures 

• Aeeessory stmemres are formed from the epidermis. 

• Hair eonsists of keratinized epidermal eells that are 
formed at the base of a hair folliele. 

• An arreetor pili muscle is attaehed to the side of eaeh 
hair folliele at one end and to the papillary layer of the 
dermis at the other end. Its eontraetion pulls the hair 
into a more ereet position. 

• Hair occurs over most of the body. 

• Glands assoeiated with the skin are the sebaeeons, sweat, 
and eemminons glands. 

• Sebaeeons glands prodnee sebum, an oily seeretion that 
is emptied into hair follieles. 

• There are two types of sweat glands, apoerine and 
eeerine. Apoerine sweat glands occur in axillary and 
genital areas and seerete a relatively thiek perspiration 
into hair follieles. Eeerine sweat glands occur all over the 
body and seerete a watery perspiration that is earried 
direetly to the snrfaee of the skin. 

• Eeerine sweat is used to eool the body, wash the skin 
snrfaee, remove ehemieals from blood, and proteet 
against pathogens. Apoerine sweat eontains pheromones. 

• Ceruminous glands are loeated in the external aeonstie 
meams and seerete a waxy snbstanee ealled eemmen. 

• Nails proteet the distal ends of fingers and toes. 

• Nails are formed of layers of heavily keratinized and dead 
keratinoeytes. 

5.5 Temperature Regulation 

• Average healthy human body temperatnre is 36.8°C 
(98.2°F). 

• Body heat is prodneed by deeomposition reaetions. 

• When heat loss is excessive, blood vessels in the dermis 
are eonstrieted to reduce heat loss and arreetor pili 
mnseles eontraet. Under extreme heat loss, spontaneons 
skeletal muscle eontraetions (shivering) prodnee 
additional heat. 

• When heat prodnetion is excessive, blood vessels in the 
dermis dilate to inerease heat loss and perspiration is pro- 
duced. The evaporation of perspiration inereases heat loss. 

• When temperamre regnlation is overwheImed, hypother- 
mia and hyperthermia beeome medieal emergeneies. 



102 


ehapter 5 Integumentary System 


5.6 Aging of the Skin 

• After 50 years of age, wrinkles and sagging skin 
beeome notieeable. 

• The effeets of aging are caused by a breakdown 
of eollagen and elastie fibers, a deerease in sebum 
production, a deerease in melanin prodnetion, and a 
deerease in subcutaneous fat. 


5.7 Disorders of the Skin 

• Infectious disorders of the skin inelnde aene, athlete's 
foot, boils, fever blisters, and impetigo. 

• Noninfeetions disorders of the skin inelnde alopeeia, 
bed bugs, bedsores, blisters, burns, eallnses and eorns, 
eommon moles, dandrnff, eezema, hives, and psoriasis. 



Answers are loeated in Appendix B. 

1. New epidermal eells are formed by the stramm_. 

2. Resistanee to abrasion and waterproofing of the 

epidermis are due to the presenee of_. 

3. The strength and elastieity of the skin are due to protein 

fibers within the_. 

4. The skin is attaehed to deeper tissnes and organs by 

the_. 

5. Epidermal eells are nonrished by blood vessels loeated in 

dermal_. 

6. The_glands prodnee an oily seeretion that keeps 

the hair and skin moist, soft, and pliable. 


7. Watery perspiration is prodneed by_sweat glands. 

8. Goose bumps (also ealled ehieken skin) are prodneed 

when_mnseles eontraet. 

9. Gonstrietion of dermal blood vessels_heat loss. 

10. As the skin ages, a breakdown of eollagen and elastie 

fibers leads to the formation of_. 

11. _is a eommon skin disorder caused by a fungus. 

12. _and_are thiekened areas of epidermis 

resnlting from ehronie pressnre. 


Crìtìcal ThìnkìnR 

1. Gonsider the fnnetions of hair and explain how it eontribntes to maintaining homeostasis. 

2. Why does keratinized stratified squamous epithelium form the epidermis and not one of the other epithelial tissnes or a 
eonneetive tissue? 

3. Skin eaneers in dark-skinned people are relatively rare. Explain why. 

4. Young people of Caucasian aneestry seem to enjoy snnbathing to get a 'Tan." Why is a 'Tan" a temporary state? Why does a 
\an” develop more quickly on the upper and lower limbs eompared to the torso? 
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Steven and his friends are amateur skateboarders hanging out at 
their eity skate park. At the urging of his friends, Steven deeides 
to try a 360° spin for the very first time even though he has 
forgotten his helmet and other safety gear. As he reaehes the 
top of the ramp and begins his spin, his right foot slips off the 
skateboard, disturbing his balanee. Steven throvvs his arms out 
to braee his fall but he is unable to keep his head from impaeting 
the ramp as he rolls to the bottom. He sits up and mbs his head, 
stunned from the fall. His friends raee dovvn and begin to eheek 
Steven's limbs for fractures. Thankfully, the dense minerals in the 
bones of his arms and legs vvere able to resist fracturing. His skull 
vvas also hard enough to proteet his brain from damage vvhen 
it hit the ground. Govered in minor cuts and abrasions, Steven 
stands up and grabs his skateboard. Without even a thought, he 
fearlessly vvalks baek to the top of the ramp, eonvineed that he 
will conquer the 360° spin today. 
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SELEGTED KEY TERMS 


Amphiarthrosis (amphi = 
two-sided; arthrosis = joint) 

A slightly movable joint. 
Articulation (artienl = joint) 

A joint formed between two bones 
or between a bone and a tooth. 
Gompaet bone Dense bone 
formed of nnmerons tightly 
paeked osteons. 

Diaphysis (dia = throngh, apart; 
physis = to grow) The shaft of a 
long bone. 

Diarthrosis (dia = apart, throngh) 
A freely movable joint. 

Endoehondral ossifieation 

(endo = inside; ehondr = eartilage; 


oss = bone) The formation of bone 
within eartilage. 

Epiphysial (growth) plate The 

hyaline eartilage between the 
epiphysis and diaphysis of a 
growing long bone. 

Epiphysis (epi = upon) The 
enlarged ends of a long bone. 
Intramembranons ossifieation 
(intra = inside) The formation of 
bone within embryonie eonneetive 
tissue. 

Ligament A band or eord of dense 
regnlar eonneetive tissue that joins 
bones together at joints. 


Medullary eavity (mednlla = 
marrow) The eavity within the 
shaft of a long bone that is filled 
with yellow bone marrow. 

Spongy (trabeenlar) bone Bone 
eomposed of intereonneeted bony 
plates surrounded by red or yellow 
bone marrow. 

Synarthrosis (syn = together) 

An immovable joint. 

Synovial joint (syn = with; 
ov = egg) A freely movable joint 
eontaining a joint eavity filled with 
synovial fluid. 


THE SKELETAL SYSTEM SERVES as the supporting frame- 
work of the body, and performs several other important 
fnnetions as well. The body shape, meehanisms of move- 
ment, and ereet posmre observed in humans would be 
impossible without the skeletal system. Two very strong 
tissnes, bone and eartilage, eompose the skeletal system. 

6.1 Functions of the Skeletal 
System 

Learning Objeetive 

1. Deseribe the basie functions of the skeletal system. 

The skeletal system performs five major hmetions: 

1. Support. The skeleton serves as a rigid snpporting 
framework for the soft tissnes of the body. 

2. Proteetion. The arrangement of bones in the 
skeleton provides proteetion for many internal 
organs. The thoraeie eage provides proteetion for 
the internal thoraeie organs inelnding the heart 
and lungs; the eranial bones form a proteetive 
ease around the brain, ears, and all but the 
anterior portion of the eyes; vertebrae proteet the 
spinal eord; and the pelvie girdle proteets some 
reprodnetive, nrinary, and digestive organs. 

3. Attaehment sites for skeletal muscles. Skeletal 
mnseles are attaehed to bones and extend aeross 
artienlations. Bones hmetion as levers, enabling 
movement at joints when skeletal mnseles 
eontraet. 

4. Blood eell production. The red bone marrow in 
spongy bone prodnees formed elements. 


5. Mineral storage. The matrix of bones serves as 
a storage area for large amonnts of ealeinm salts, 
which may be removed for use in other parts of 
the body when needed. 

6.2 Bone Structure 

Learning Objeetives 

2. List the types of bones based on their shapes. 

3. Deseribe the gross structure and microstructure 
of a long bone and a flat bone. 

There are approximately 206 bones in an adult and eaeh 
bone is an organ eomposed of a number of tissues. Bone 
tissue forms the bulk of eaeh bone and eonsists of both 
living eells and a nonliving matrix formed primarily of 
ealeinm salts. Other tissnes inelnde eartilage, blood, 
nervons tissue, adipose tissue, and dense irregnlar eon- 
neetive tissue. 

There are six basie types of bones based on their 
shapes (figure 6.1). Short bones are the bones within the 
wrist and ankle and they possess a small, boxy appear- 
anee. Long bones possess a long, skinny shape and are 
found in the upper and lower limbs, with the exception 
of the wrists, ankles, and patella (kneeeap). Smaral bones 
are small bones that form within the sutures of the skull 
and they vary in number and loeation from person to 
person. Gertain skull bones, the ribs, and the sternnm 
(breastbone) are elassified as flat bones, meaning they 
are thin, flat, and slightly curved. Irregalar bones, such as 
the vertebrae (spinal column), coxal bones (hip bones), 
and some skull bones, possess irregnlar shapes with 
numerous projeetions. Sesamoid bones are unique because 
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(b) Long bone 
(humerus) 


(d) Flat bone (sternum) 



(e) lrregular bone (vertebra), 
left lateral view 


(a) Short bone (trapezoid) 


(f) Sesamoid bone (patella) 


Figure 6.1 Basie Types of Bones. 

of their sesame seed shape and the faet that they form 
inside mnsele tendons. The patella is a sesamoid bone. 

Gross Strucfure of a Long Bone 

The femnr, the bone of the thigh, will be used as an exam- 
ple in eonsidering the structure of a long bone. Refer to 
figure 6.2 as you smdy the following seetion. 

At eaeh end of the bone, there is an enlarged por- 
tion ealled an epiphysis (é-pif'-e-sis). The epiphyses (plu- 
ral) articulate with adjaeent bones to form joints. The 
articular eartilage, which is eomposed of hyaline ear- 
tilage, eovers the artienlar snrfaee of eaeh epiphysis. Its 
pnrpose is to proteet and enshion the end of the bone, in 
addition to providing a smooth snrfaee for movement of 
joints. The long shaft of bone that extends between the 
two epiphyses is the diaphysis (di-af'-e-sis). Eaeh epiphy- 
sis is joined to the diaphysis by an epiphysial (growth) 
plate of hyaline eartilage in immatnre bones or by an 
epiphysial line, a line of fusion, in mamre bones. 

Except for the region eovered by artienlar earti- 
lages, the entire bone is eovered by the periostenm 
(per-é-os'-té-um), a dense irregnlar eonneetive tissue mem- 
brane that is firmly attaehed to the nnderlying bone. The 
periostenm provides proteetion and also is involved in the 


formation and repair of bone. Tiny blood vessels from the 
periostenm help to nonrish the bone. 

The internal stmemre of a long bone is revealed 
by a longimdinal seetion. Spongy (trabeenlar) bone 
forms the internal stmemre of the epiphyses and the 
internal snrfaee of the diaphysis wall. It eonsists of thin 
rods or plates ealled trabeealae (trah-bek'-u-lé) that form 
a meshlike framework eontaining numerous spaees. The 
trabeculae are eovered by a thin eonneetive tissue mem- 
brane ealled endosteum (en-dos'-te-um) that is involved 
in forming and repairing bone. Spongy bone rednees 
the weight of a bone without reducing its snpportive 
strength. In an adulTs long bones, red bone marrow 
fills the spaees between trabeenlae within the proximal 
epiphyses of the humerus and femur. In other epiphyses 
of the limbs, the spaees between trabeenlae are filled with 
yellow bone marrow, which is eomposed of adipose 
tissue. The blood-forming properties of red bone marrow 
will be disenssed in ehapter 11. 

Gompaet bone forms the wall of the diaphysis and 
a thin snperfieial layer over the epiphyses. As the name 
implies, eompaet bone is formed of tightly paeked bone 
that laeks the spaees found in spongy bone. Gompaet bone 
is very strong, and it provides the snpportive strength 
of long bones. The eavity that extends the length of the 
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Figure 6.2 The Gross Structure of a Long Bone. 


diaphysis is the medullary eavity. It is lined by the end- 
ostenm and is filled with yellow bone marrow. 

Mieroseopie Structure 
of a Long Bone 

As noted earlier, there are two types of bone: eompaet 
bone and spongy bone. When viewed mieroseopieally, 
eompaet bone is formed of a nnmber of snbnnits ealled 
osteons (fignre 6.3). An osteon (os'-té-on) is eomposed 
of a eentral eanal eontaining blood vessels and nerves, 
snrronnded by the lamellae (singnlar, lamella), eoneen- 
trie layers of bone matrix. Bone eells, the osteoeytes 
(os'-té-ó-sitz), are arranged in eoneentrie rings between 
the lamellae and oeenpy tiny spaees in the bone matrix 
ealled lacunae. 

Blood vessels and nerves enter a bone throngh a 
nntrient foramen (fò-rà'-men; plnral, foramind), a ehan- 
nel entering or passing throngh a bone. The blood ves- 
sels form branehes that pass throngh perforating eanals 
and enter the eentral eanals to snpply nntrients to the 
osteoeytes. Ganalìenlì the tiny mnnels radiating from 
the laennae, intereonneet osteoeytes with eaeh other and 
the blood snpply. 

The trabeenlae of spongy bone laek osteons, so osteo- 
eytes reeeive nntrients by diffnsion of materials throngh 
eanalienli from blood vessels in the bone marrow snrronnd- 
ing the trabeenlae (fignre 6.3). 


The strnemre of the other bone types is like that of 
the epiphyses of long bones. Their external strnemre is 
a thin layer of eompaet bone eovered with periostenm; 
the internal stmemre is spongy bone eovered with endos- 
teum. In most of these bones, red bone marrow fills in the 
spaees between the trabeculae. 



eheek 



IJnderstanding 


1. What are the general fnnetions of the skeletal 
system? 

2. What are the major gross anatomieal strnemres of 
a long bone? 

3. How are eompaet and spongy bone histologieally 
different? 


6.3 Bone Formation 

Learning Objeetives 

4. Compare intramembranous and endoehondral 
ossifieation. 

5. Gompare the functions of osteoblasts and 
osteoelasts. 

The proeess of bone formation is ealled ossìfìeatìon 
(os-i-fi-kà'-shun). It begins during the sixth or seventh week 
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Figure 6.3 Microstructure of a Long Bone. 


of embryonie development. Bones are formed by the 
replaeement of existing eonneetive tissnes with bone 
(fignre 6.4). There are two types of bone formation: intra- 
membranons ossifieation and endoehondral ossifieation. 
Table 6.1 snmmarizes these. 

In both types of ossifieation, some primitive eonnee- 
tive tissne eells are ehanged into bone-forming eells ealled 
osteoblasts (os'-tè-ò-blasts). Osteoblasts deposit bone 
matrix aronnd themselves and soon beeome imprisoned in 
laennae. Onee this oeenrs, they are ealled osteoeytes. 

lntrameinbranous Ossifieation 

Most sknll bones are formed by intramembranous 
ossifieation. Oonneetive tissne membranes form early 
in embryonie development at sites of fntnre intramem- 
branons bones. Later, some eonneetive tissne eells 
beeome osteoblasts and deposit spongy bone within the 
membranes starting in the eenter of the future bone. 
Osteoblasts from the periostenm deposit a layer of eom- 
paet bone over the spongy bone. 



Intra- 

nnembranous 
bones forming 


Endoehondral 
bones forming 


Figure 6.4 The stained developing bones of a 
14-week fetus. 
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Table 6.1 Comparison of Intramembranons and Endoehondral Ossifieation 

lntramembranous Endoehondral 


1. Membranes of embryonie eonneetive tissue form at sites 
of future bones. 

2. Some eonneetive tissue eells beeome osteoblasts, vvhieh 
deposit spongy bone vvithin the membrane. 

3. Osteoblasts from the enelosing membrane, novv ealled 
the periosteum, deposit a layer of eompaet bone over the 
spongy bone. 


1. Bone is preformed in hyaline eartilage. 

2. Osteoblasts of periosteum form a eollar of eompaet bone 
that thiekens and grovvs tovvard eaeh end of the bone. 

3. Oartilage is ealeified, and osteoblasts derived from the 
periosteum form spongy bone, vvhieh replaees eartilage in 
ossifieation eenters. The spongy bone is later removed in 
the diaphysis to form the medullary eavity. 


Some bone must be removed and re-formed in order 
to produce the eorreet shape of the bone as it devel- 
ops and grows. Cells that remove bone matrix are ealled 
osteoelasts. The opposing aetions of osteoblasts and osteo- 
elasts nltimately prodnee the shape of the mamre bone. 

Endoehondral Ossifieation 

Most bones of the body are formed by endoehondral 
(en-dó -kon'-drul) ossifìeation. Future endoehondral bones 
are preformed in hyaline eartilage early in embryonie devel- 
opment. Figure 6.5 illustrates the ossifieation of a long bone. 

In long bones, a new periostenm develops around 
the diaphysis of the hyaline eartilage template. Osteoblasts 
from the periostenm form a eollar of eompaet bone around 
the diaphysis. A primary ossifieation eenter also forms in 
the middle of the eartilage shaft due to the enlargement 
of ehondroeytes and a loss of eartilage matrix between 
laennae. Calcification, which involves the depositing of 
ealeinm salts, occurs within the primary ossifieation een- 
ter and leads to the death of ehondroeytes. Blood ves- 
sels and nerves penetrate into the primary ossifieation 


eenter earrying along osteoblasts from the periostenm. As 
seeondary ossifieation eenters form in the epiphyses of the 
eartilage template, osteoelasts begin to remove spongy 
bone from the diaphysis to form the mednllary eavity. 
The bone eontinnes to grow as ossifieation progresses. As 
eartilage eontinnes to be replaeed, the eartilage between 
the primary and seeondary ossifieation eenters deereases 
until only a thin plate of eartilage, the epiphysial pìate, 
separates the epiphyses from the diaphysis. 

Subsequent growth in diameter resnlts from eontin- 
ued formation of eompaet bone by osteoblasts from the 
periostenm. Growth in length occurs as bone replaees 
eartilage on the diaphysis side of eaeh epiphysial plate 
while new eartilage is formed on the epiphysis side. The 
opposing aetions of osteoblasts and osteoelasts eontinn- 
ally reshape the bone as it grows. 

Growth usually continues until about age 25, when 
the epiphysial plates are eompletely replaeed by bone. 
After this, growth in the length of a bone is not possible. 
The visible lines of fusion between the epiphyses and the 
diaphysis are ealled epiphysial lines. 


Cartilaginous Calcified Developing 
model eartilage periosteum 



eompaet bone 
developing 


(e) Primary 
ossifieation 
eenter 


Seeondary 

ossifieation 

eenter 



Blood 
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(d) 
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Medullary 
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Seeondary 
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(e) 


Epiphysial 



Medullary 
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Epiphysial 
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Figure 6.5 Major stages (o-f) in the development of an endoehondral bone. (Bones are not shown to seale.) 
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Henieoslasis of Bone 

Bones are dynamie, living organs, and they are eontinnally 
restrnemred thronghont life. This oeenrs by the removal 
of bone matrix by osteoelasts and by the deposition of 
new bone matrix by osteoblasts. Physieal aetivity eanses 
the density and volnme of bones to be maintained or 
inereased, thongh inaetivity resnlts in a rednetion in bone 
density and volnme. 

Calcium salts may be removed from bones to meet 
body needs anytime blood calcium levels are low, such as 
when dietary intake is inadequate. When dietary ealeinm 
intake inereases blood ealeinm to a snffieient level, some 
ealeinm is used to form new bone matrix. 

ehildren have a relatively large number of protein 
fibers in their bone matrix, which makes their bones 
somewhat flexible. But as people age, the amount of pro- 
tein gradnally deereases. This trend causes older people 
to have brittle bones that are prone to fraemres. Older 
persons may also experience a gradnal loss of bone matrix, 
which rednees the strength of the bones. A severe reduc- 
tion in bone density, and therefore inereased risk of frae- 
mre, is ealled osteoporosis. 



Check My IJnderstanding 

4. How do intramembranons ossifieation and endo- 
ehondral ossifieation differ? 

5. How does physieal aetivity affeet the homeostasis 
of bones? 


6.4 Divisions of the Skeleton 


feamres are listed in table 6.2 and shown in figure 6.7 for 
easy referenee as you smdy the bones of the skeleton. 


6.5 Axial Skeleton 


Learning Objeetives 

8. Identify the bones of the axial skeleton. 

9. Compare the skulls of an infant and an adult. 

10. Gompare eervieal, thoraeie, lumbar, and saeral 
vertebrae. 

11. Gompare true, false, and floating ribs. 

The major eomponents of the axial skeleton are the skull, 
vertebral column, and thoraeie eage. Bones of the axial 
skeleton are shown in figure 6.6. 


Skull mBi 


The skull is subdivided into the eraniam, which is formed 
of eight bones eneasing the brain, and 14 faeial bones. 
With the exception of the mandible, all the skull bones 
are joined by immovable joints, ealled sutures (su'-churs) 
because they resemble stitehes. The eranial eavity formed 
by the eraninm proteets the brain. The faeial bones sur- 
round and snpport the openings of the digestive and 
respiratory systems. Several bones in the skull eontain air- 
filled spaees ealled paranasal sìnuses (figure 6.9) that 
are eonneeted to the nasal eavity. These sinnses reduce 
the weight of the skull, add resonanee to a person's voiee, 
and prodnee mucus, which helps to moisten and purify 
the air within the sinnses and within the nasal eavity. The 
bones of the skull are shown in fignres 6.8 to 6.12. Loeate 
the bones on these fignres as you study this seetion. 


Learning Objeetives 

6. Name the two divisions of the skeleton. 

7. Deseribe the major surface features of the bones and 
their importanee. 

The human adult skeleton is eomposed of two distinet 
divisions: the axial skeleton and the appendienlar skel- 
eton. The axìal (ak'-sè -al) skeleton eonsists of the bones 
along the longimdinal axis of the body that snpport the 
head, neek, and tmnk. The appendicular (ap-en-dik'-u- 
lar) skeleton eonsists of the bones of the upper limbs 
and peetoral girdle and of the lower limbs and pelvie gir- 
dle (figure 6.6). 

A smdy of the skeleton inelndes the varions sur- 
faee feamres of bones, such as projeetions, depressions, 
ridges, grooves, and holes. Speeifie names are given to 
eaeh type of snrfaee feamre. Knowledge of snrfaee bony 
feamres is essential for nnderstanding the origins and 
insertions of skeletal mnseles disenssed in the muscu- 
lar system, and is important in loeating internal stme- 
mres in elinieal praetiee. The names of the major snrfaee 


Cranium 

The cranium is formed of one frontal bone, two parietal 
bones, one sphenoid, two temporal bones, one oeeipital 
bone, and one ethmoid. 

The frontal bone forms the anterior part of the 
eraninm, inelnding the snperior portion of the orbits (eye 
soekets), the forehead, and the roof of the nasal eavity. 
There are two large fromal sinases in the frontal bone, one 
loeated snperior to eaeh eye. 

The two parietal (pah-ri'-e-tal) bones form the 
sides and roof of the eraninm. They are joined at the mid- 
line by the sagittal satare and to the frontal bone by the 
eoronal satare. 

The oeeipital (ok-sip'-i-tal) bone forms the posterior 
portion and floor of the eraninm. It eontains a large open- 
ing, the foramen magnam, throngh which the brainstem 
extends to join with the spinal eord. On eaeh side of the 
foramen magnum are the oeeipital eondgles (kon'-dils), large 
knneklelike snrfaees that artienlate with the first vertebra 
of the vertebral column. The oeeipital bone is joined to 
the parietal bones by the lambdoid (lam'doyd) satare. 
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Figure 6.6 Bones of axial skeleton (eolored gold) and appendicular skeleton (eolored blue). lAPl^ 


The temporal bones are loeated inferior to the pari- 
etal bones on eaeh side of the cranium. They are joined to 
the parietal bones by squamous (skwà'mus) sutures and to 
the oeeipital bone by the lambdoid suture. In eaeh tempo- 
ral bone, an external aeonstie meatns leads inward to 
the eardrnm. Just anterior to the external aeonstie meams 


is the mandibular fossa, a depression that reeeives the man- 
dibnlar eondyle to form the temporomandibalar joint. 

Three proeesses are loeated on eaeh temporal bone. 
The zygomatie (zi-gò-mat'-ie) proeess projeets anteriorly 
to join with the zygomatie bone. The mastoid (mas'-toyd) 
proeess is a large, ronnded projeetion that is loeated inferior 
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Table 6.2 Surface Features of Bones 


Feature 

Deseription 

Proeesses Formìng Joints 

eondyle 

A rounded or knucklelike proeess 

Head 

An enlarged rounded end of a bone 
supported by a eonstrieted neek 

Faeet 

A smooth, nearly flat surface 

Proeesses for Attaehment ofLigaments and Tendons 

Crest 

A prominent ridge or border 

Epieondyle 

A prominenee superior to a eondyle 

Spine 

A sharp or slender proeess 

Troehanter 

A very large proeess found on the femur 

Tubercle 

A small, rounded proeess 

Tuberosity 

A large, roughed proeess 

Depressìons and Openìngs 

Alveolus 

A deep pit or soeket 

Canal, Meatus 

A tubelike passagevvay into or through 
a bone 

Foramen 

An opening or passagevvay through a 
bone 

Fossa 

A small depression 

Groove 

A furrovvlike depression 

Sinus 

An air-filled eavity vvithin a bone 


to the external aeonstie meatns. It serves as an attaehment 
site for some neek mnseles. The styloid proeess lies just 
medial to the mastoid proeess. It is a long, spikelike proeess 
to which muscles and ligaments of the tongue and neek 
are attaehed. 

The sphenoid (sfè'-noid) forms part of the floor of 
the eraninm, the posterior portions of the orbits, and the 
lateral portions of the eraninm just anterior to the tem- 
poral bones. Beeanse it artienlates with all other eranial 
bones, the sphenoid is referred to as the ''keystone'' of the 
eraninm. On its snperior snrfaee at the midline is a saddle- 
shaped structure ealled the sella mreiea (ter'-si-ka), or turk- 
ish saddle. It has a depression that eontains the pimitary 
gland. Two sphenoidal sinases are loeated just inferior to 
the sella mreiea. 

The ethmoid (eth'-moid) forms the anterior portion 
of the eraninm, inelnding part of the medial snrfaee of eaeh 
orbit and part of the roof of the nasal eavity. The lateral 
portions eontain several air-filled sinnses ealled ethmoidal 
eells. The perpendiealar plate extends inferiorly to form most 
of the nasal sepmm, which separates the right and left por- 
tions of the nasal eavity. It joins the sphenoid and vomer 
posteriorly and the nasal and frontal bones anteriorly. 

The saperior and middle nasal eonehae (kong'-kè, 
singnlar, eoneha) extend from the lateral portions of the 
ethmoid toward the perpendienlar plate. These delieate. 
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Figure 6.7 Surface Features of Bones. 

seroll-like bones snpport the mucous membrane and 
inerease the snrfaee area of the nasal wall. The roof of the 
nasal eavity is formed by the eribriform plate of the eth- 
moid; the olfaetory nerves enter the eranial eavity throngh 
foramina in the eribriform plate. On the snperior snrfaee 
where these plates join at the midline is a prominent pro- 
jeetion ealled the erista galli, or eoek's eomb. The menin- 
ges that envelop the brain are attaehed to the erista galli. 

Faeial Bones 

The paired bones of the faee are the maxillae, palatine bones, 
zygomatie bones, laerimal bones, nasal bones, and inferior 
nasal eonehae. The single bones are the vomer and mandible. 
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Figure 6.8 ('aj Anterior view of the skull. ('òj Superior view of the skull. ^lRl 
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Figure 6.9 Paranasal sinuses are loeated in the frontal bone, the ethmoid, the sphenoid, and the maxillae. They are 
eonneeted with the nasal eavity and inerease the surface area of the nasal eavity. 
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Figure 6.10 Lateral View of the Skull. 
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Figure 6.11 Median View of the Skull. lAPlPn 
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Figure 6.12 ('aj Inferior view of the skull. ('òj Superior view of the transverse seetion of the skull. &PlRl 


The maxìllae (mak-sir-è) form the upper jaw. Eaeh 
maxilla is formed separately, but they are joined at the 
midline during embryonie development. The maxillae 
artienlate with all of the other faeial bones except the 
mandible. The palatine proeesses of the maxillae form the 
anterior portion of the hard palate (roof of the mouth and 
floor of the nasal eavity), part of the lateral walls of the 
nasal eavity, and the floors of the orbits. 

Eaeh maxilla possesses an inferiorly projeeting, 
curved ridge of bone that eontains the teeth. This ridge is 
the alveolar proeess, and the soekets eontaining the teeth 
are ealled alveoli (singnlar, alveolns). The alveolar proeesses 
unite at the midline to form the U-shaped maxillary alveolar 
areh. A large maxillary sinas is present in eaeh maxilla just 
inferior to the orbits. 

The palatìne (pal'-ah-tin) bones are fused at the 
midline to form the posterior portion of the hard palate. 
Eaeh bone has a lateral portion that projeets snperiorly to 
form part of a lateral wall of the nasal eavity. 

The zygomatie bones (eheekbones) form the 
prominenees of the eheeks and the floors and lateral walls 
of the orbits. Eaeh zygomatie bone has a posteriorly pro- 
jeeting proeess, the temporal proeess, that extends to unite 
with the zygomatie proeess of the adjaeent temporal 
bone. Together, they form the zygomatie areh. 

The laerìmal (lak'-ri-mal) bones are small, thin bones 
that form part of the medial snrfaees of the orbits. Eaeh lae- 
rimal bone is loeated between the ethmoid and maxilla. 

The nasal (nà'-zal) bones are thin bones fused at 
the midline to form the bridge of the nose. 


The vomer is a thin, flat bone loeated on the midline 
of the nasal eavity. It joins posteriorly with the perpendie- 
ular plate of the ethmoid, and these two bones form the 
bony part of the nasal sepmm. 

The inferior nasal eonehae are seroll-like bones 
attaehed to the lateral walls of the nasal eavity inferior to 



The hard palate separates the nasal eavity from the 
oral eavity, which allows for chewing and breath- 
ing to occur at the same time. A deft palate results 
when the palatine proeesses of the maxillae and 
the palatine bones fail to join before birth to form 
the hard palate. A eleft lip, a split upper lip, is often 
assoeiated with a eleft palate. These eongenital 
deformities ean be eorreeted surgically after birth. 



eieft palate 


eieft lip 
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the middle nasal eonehae of the ethmoid. They projeet 
medially into the nasal eavity and serve the same fnnetion 
as the snperior and middle nasal eonehae of ethmoid. 

The mandìble (lower jaw) is the only movable bone 
of the sknll. It eonsists of a U-shaped body with a supe- 
riorly projeeting portion, a ramas, extending from eaeh 
end of the body. The superior portion of the body forms 
the mandibnlar alveolar areh, which eontains the alveoli 
for the teeth. The snperior part of eaeh ramus is Y-shaped 
and forms two projeetions: an anterior eoronoid proeess 
and a posterior mandibalar eondyle. The eoronoid proeess 
is a site of attaehment for mnseles used in chewing. The 
mandibnlar eondyle artienlates with the mandibnlar fossa 
of the temporal bone to form a temporomandibalar joint. 
These joints are sometimes involved in a variety of dental 
problems assoeiated with an improper bite. 

Assoeiated Bones to the Skull 

The hyoid (hi'-oyd) bone and anditory ossieles are 

known as assoeiated bones to the skull because they are 
loeated in or near the skull but are not direetly eonneeted 
with any skull bones. The hyoid bone is a small, U-shaped 
bone loeated in the anterior portion of the neek, inferior 
to the mandible. It does not artienlate with any bone. 
Instead, it is snspended from the styloid proeesses of the 
temporal bones by mnseles (figure 6.13). Muscles of the 



Hyoid bone 


Figure 6.13 The Anterior View of the Hyoid Bone. 


tongue are attaehed to the hyoid bone. The anditory 
ossieles (mallens, incus, stapes) are the smallest bones in 
the human body. They artienlate with eaeh other in the 
middle ears and assist in sound eondnetion and amplifiea- 
tion (see ehapter 9). 

The Infant Skull 

The skull of a newborn infant is ineompletely developed. 
The faee is relatively small with large orbits, and the 
bones are thin and ineompletely ossified. The bones of 
the eraninm are separated by dense eonneetive tissue, 
with six rather large, nonossified areas ealled fontanelles 
(fon'-tah-nels) or soft spots (figure 6.14). The frontal bone 
is formed of two separate parts that fuse later in devel- 
opment. ineomplete ossifieation of the skull bones and 
the abnndanee of dense irregnlar eonneetive tissue make 
the skull somewhat flexible and allow for partial eom- 
pression of the skull to faeilitate easier vaginal delivery. 
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Figure 6.14 There are one anterior, two mastoid, one 
posterior, and two sphenoidal fontanelles between the 
eranial bones in the infant’s skull. Note the fontanelles 
and the membranes between the eranial bones. 
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After birth, they allow for the skull to expand easily 
and aeeommodate the rapidly growing brain. Gompare 
the infant skull in figure 6.14 with the adult skull in 
figure 6.8 and figure 6.10. 



6. What bones form the eraninm? 

7. What bones form the faee? 



Yertebral Coluinn 

The vertebral column (spine or baekbone) extends from 
the skull to the pelvis and forms a somewhat flexible but 
smrdy longitudinal snpport for the trunk. It is formed 
of 24 slightly movable vertebrae, the saernm, and the 
coccyx. The vertebrae are separated from eaeh other 


by intervertebral dìses that serve as shoek absorbers 
and allow bending of the spinal column. Four distinet 
curvatures ean be seen on the lateral view of the vertebral 
column (figure 6.15). From superior to inferior they are 
the eervieal thoraeie, lambar, and saeral earvatares. These 
curvatures provide flexibility and enshion, and allow the 
vertebral column to bear body weight more effieiently. 


Structure of a Vertebra 

Vertebrae are divided into three groups: eervieal, tho- 
raeie, and lumbar vertebrae. Although eaeh type has a 
distinetive anatomy, they have many feamres in eommon 
(figure 6.16). 

The anterior, dmm-shaped mass is the body, which 
serves as the major load-bearing portion of a vertebra. A 
bony vertebral areh surrounds the large vertebral foramen 
throngh which the spinal eord and nerve roots pass. A 
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Figure 6.15 The vertebral column eonsists of 24 movable vertebrae, separated by intervertebral dises, sacrum, 
and coccyx. lÀPl^ 
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spinoas proeess projeets posteriorly and transverse proeesses 
projeet laterally from eaeh vertebral areh. 

A pair of saperior aniealar proeesses projeets snperi- 
orly and a pair of inferior artiealar proeesses projeets inferi- 
orly from the vertebral areh. The artiealar faeet (fa'-set) of 
eaeh snperior artienlar proeess artienlates with the artienlar 
faet of the inferior artienlar proeess of the adjaeent verte- 
bra snperior to it. When joined by ligaments, the vertebrae 
form the vertebral eanal that proteets the spinal eord. 

Small intervertebral foramina oeenr between adja- 
eent vertebrae. They serve as lateral passageways for spi- 
nal nerves that exit the spinal eord (see fignre 6.15 and 
fignre 6.16). 
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Cervical Vertebrae 

The first seven vertebrae are the eervieal (ser'-vi-kul) 
vertebrae (Cl-C7) that support the neek. They are 
unique in having a transverse foramen in eaeh transverse 
proeess. It serves as a passageway for the vertebral arter- 
ies and veins, blood vessels involved in blood flow to and 
from the brain (fignres 6.17a-d). 

The first two eervieal vertebrae are distinetly differ- 
ent from the rest. The first vertebra (Cl), or atlas, whose 
snperior artienlar faeets artienlate with the oeeipital 
eondyles, snpports the head. The seeond vertebra (C2), 
which is ealled the axìs, has a prominent dens that proj- 
eets snperiorly from the vertebral body, providing a pivot 
point for the atlas. When the head is turned, the atlas 
rotates on the axis (see figure 6.17íi-c). 

Thoraeie Vertebrae 

The 12 thoraeie vertebrae (T1-T12) are larger than the 
eervieal vertebrae, and their spinons proeesses are longer 
and slope inferiorly. The ribs artienlate with eostal faeets 
on the transverse proeesses and bodies of thoraeie verte- 
brae (fignres 6.17c and 6.19b). 

Lumbar Vertebrae 

The five lumbar vertebrae (L1-L5) have heavy, thiek 
bodies to snpport the greater stress and weight that is 
plaeed on this region of the vertebral column. The spinons 
proeesses are blunt and provide a large snrfaee area for the 
attaehment of heavy baek mnseles (see fignres 6.16, 6.17/). 
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Figure 6.16 (a) Soperior view of a lumbar vertebra. (b) Posterior view of lumbar vertebrae. (e) Lateral view of lumbar 
vertebrae. 
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Figure 6.17 The Structures of Vertebrae. 

(a), (b), (d), (e) and (f) are superior vievvs. (e) is a posterior vievv. Bones are not shovvn to seale. lAPlB] 
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Figure 6.18 (a) Anterior view and (b) posterior view of the sacrum and coccyx. lAPl^ 


Sacrum 

The saemm (sà-k'rum) is eomposed of five fused saeral 
vertebrae (S1-S5) (figure 6.18). It articulates with the 
fifth lumbar vertebra and forms the posterior wall of 
the pelvis. The spinous proeesses of the fused vertebrae 
form the median saeral erest on the posterior midline. On 
either side of the median saeral erest are the posterior 
saeral foramina, passageways for blood vessels and nerves. 
Anterior saeral foramina on the anterior snrfaee serve a 
similar fnnetion. The saeral eanal is a eontinnation of 
the vertebral eanal that earries spinal nerve roots to the 
saeral foramina and the saeral hiatas, an inferior opening 
proximal to the coccyx. 

Coccyx 

The most inferior part of the vertebral column is the 
coccyx (kok'-six), or tailbone, which is formed of three to 
five fused eoeeygeal vertebrae. 


on the body of its own vertebra, and a taberele near the 
head artienlates with the eostal faeet on the transverse 
proeess. The head also artienlates with the eostal faeet on 
the body of the vertebra snperior to it. The shaft of eaeh 
rib curves around the thoraeie eage and slopes slightly 
inferiorly. 

The snperior seven pairs of ribs are attaehed direetly 
to the sternnm by the eostal (kos'-tal) eartilages, which 
extend medially from the ends of the ribs. These ribs are 
the trae ribs. The remaining five pairs are the false ribs. The 
first three pairs of false ribs are attaehed by eartilages to 
the eostal eartilages of the ribs just superior to them. The 
last two pairs of false ribs are ealled floating ribs because 
they laek eartilages and are not attaehed anteriorly. The 
eostal eartilages give some flexibility to the thoraeie eage. 

Sternum 

The sternum, or breastbone, is a flat, elongated bone 
loeated at the midline in the anterior portion of the 


Theraeie Cage 

The thoraeie vertebrae, ribs, eostal eartilages, and sternnm 
form the thoraeie eage. It provides proteetion for the 
internal organs of the thoraeie eavity and snpports the supe- 
rior trunk, peetoral girdle, and upper limbs (figure 6.19). 

Ribs 

Twelve pairs of ribs are attaehed to the thoraeie verte- 
brae. The head of eaeh rib articulates with the eostal faeet 



A biopsy of red bone marrow may be made by a 
sternal puncture because the sternum is eovered 
only by skin and eonneetive tissue. Under loeal 
anesthetie, a large-bore hypodermie needle is 
inserted into the sternum, and red bone marrow is 
drawn into a syringe. 
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Figure 6.19 Thoraeie Cage. 

(a) The thoraeie eage is formed by thoraeie vertebrae, 
ribs, eostal eartilages (eolored light blue), and the ster- 
num. (b) The articulation betvveen a rib and a thoraeie 
vertebra. 


thoraeie eage. It eonsists of three bones that are fnsed 
together. The manabriam (mah-nu'-brè-um) is the supe- 
rior portion that artienlates with the first two pairs of 
ribs; the body is the larger middle segment; and the 
Kiphoid (zif-oyd) proeess is the small inferior portion. 



eheek 



IJnderstanding 



8. How do eervieal, thoraeie, and lumbar vertebrae 
differ in structure and loeation? 

9. How does the axial skeleton proteet vital organs? 

___ / 


6.6 Appenclicular Skeleton 

Learning Objeetives 

12. Identify the bones of the appendicular skeleton. 

13. Gompare the structural and functional differenees 
between peetoral girdle and pelvie girdle. 

14. Gompare the structural and functional differenees 
between the male and female pelves. 

15. Deseribe how the appendicular skeleton is eonneeted 
to the axial skeleton. 

The appendienlar skeleton eonsists of (1) the peetoral 
girdle and the bones of the upper limbs, and (2) the pelvie 
girdle and the bones of the lower limbs (see figure 6.6). 


Peetoral Girdle 

The peetoral (pek'-to-ral) girdle, or shoulder girdle, 
eonsists of two elavieles (eollarbones) and two seapnlae 
(shonlder blades) (figure 6.20). Eaeh S-shaped elaviele 
(klav'-i-cul) articulates with the aeromion of a seapnla 
laterally and with the sternnm medially. The scapulae 
(skap'-u-le, singular, seapnld) are flat, triangular bones 
loeated on eaeh side of the vertebral column, but they 
do not artienlate with the axial skeleton. Instead, they 
are held in plaee by mnseles, an arrangement that enables 
freedom of movement for the shonlder joints. 

The anterior snrfaee of eaeh seapnla is flat and 
smooth where it moves over the ribs. The seapnlar spine 
runs diagonally aeross the posterior snrfaee from the aero- 
mion (ah-króm'-é-on) to the medial margin. On its lateral 
margin is the shallow glenoid eavitg, which artienlates 
with the head of the humerus. The eoraeoid (kor'-ah-koyd) 
proeess projeets anteriorly from the snperior margin of the 
glenoid eavity and extends inferior to the elaviele. 

IJpper Llmb 

The skeleton of eaeh upper lìmb is eomposed of a 
humerus, an ulna, a radius, earpal bones, metaearpals, and 
phalanges (figure 6.21). 

Humerus 

The humerus (hu'-mer-us) articulates with the scapula 
at the shoulder joint, and the ulna and radius at the 
elbow joint. The ronnded head of the humerus fits into 
the glenoid eavity of the seapnla. Just inferior to the head 
are two large mbereles where mnseles attaeh. The greater 
mberele (tu'-ber-cul) is on the lateral snrfaee, and the lesser 
mberele is on the anterior snrfaee. An intermberealar sal- 
eas lies between them. Just distal to these mbereles is 
the sargieal neek, which gets its name from the frequent 
fraemres that occur in this area. Near the midpoint on 
the lateral snrfaee is the deltoid mberositg (tu-be-ros'-i-tè), a 
rough, elevated area where the deltoid attaehes. 
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Figure 6.20 The Right Side of the Peetoral Girdle. 

(a)The peetoral girdle eonsists oftvvo scapulae and tvvo elavieles. Note hovv the head ofthe humerus articulates vvith 
the glenoid eavity of the scapula. The posterior vievv (b) and the lateral vievv (e) of the right scapula. SEÌSI 


The distal end of the humerus has two eondyles. The 
troehlea (trok'-lè-ah) is the medial eondyle, which articu- 
lates with the troehlear noteh of the ulna. The eapimlam 
(kah-pit'-u-lum) is the lateral eondyle, which artienlates 
with the head of the radius. Just proximal to these eondyles 
are two enlargements that projeet laterally and medially: 
the lateral epieondyle (ep-i-kon'-dil) and the medial epieondyle. 
On the anterior snrfaee between the epieondyles is a 
depression, the eoronoid (kor'-o-noyd) fossa, that reeeives the 
eoronoid proeess of the ulna whenever the upper limb is 
flexed at the elbow. The oleeranon (o-lek'-rah-non) fossa is in 
a similar loeation on the posterior snrfaee of the humerus, 
and it reeeives the oleeranon of the ulna when the upper 
limb is extended at the elbow. 

Ulna 

The ulna (ul'-na) is the medial bone of the forearm. The 
proximal end of the ulna forms the oleeranon, the bony 
point of the elbow. The large, half-eirele depression just 
distal to the oleeranon is the troehlear noteh, which artie- 
ulates with the troehlea of the humerus. This articula- 
tion is seenred by the eoronoid proeess on the distal lip 
of the noteh. 

At the distal end, the knoblike head of the ulna 
artienlates with the medial snrfaee of the radius and with 


the wrist bones. The styloid proeess is a small medial pro- 
jeetion to which ligaments of the wrist are attaehed. 

Radius 

The radìus (rà'-dè-us) is the lateral bone of the forearm. 
The diselike head of the radius articulates with the lateral 
proximal surface of the ulna in a way that enables the 
head to rotate freely when the forearm is rotated. A short 
distanee distally from the head is the radial mberosity, 
a elevated, ronghened area where the bieeps braehii 
attaehes. At its distal end, the radius articulates with the 
earpal bones. A small lateral styloid proeess serves as an 
attaehment site for ligaments of the wrist. 

Garpal Bones, Metaearpals, and Phalanges 

The skeleton of the hand eonsists of the earpal bones, 
metaearpals, and phalanges (figure 6.2Id). The earpal 
(kar'-pul) bones, or wrist bones, eonsist of eight small 
bones that are arranged in two transverse rows of four 
bones eaeh. They are joined by ligaments that allow 
limited gliding movement. 

The metaearpals, bones of the palm, eonsist of five 
metaearpal bones that are nnmbered 1 to V starting with 
the metaearpal adjaeent to the thumb. The bones of the 
fingers are the phalanges (fah-lan'-jèz, singnlar, phalanx). 
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Figure 6.21 The Right Llpper Limb. 

(a) Anterior view of humerus; (b) Posterior view of humerus; (e) Anterior view of ulna and radius; (d) Posterior view 
ofhand. SPlHj 


Eaeh finger eonsists of three phalanges (proximal, middle, 
and distal), except for the thnmb, which has only two 
(proximal and distal). 

Pelvie Girdle 

The pelvie (pel'-vik) girdle eonsists of two coxal (kok'sal) 
bones, or hip bones, that snpport the attaehment of the 
lower limbs. The coxal bones artienlate with the saernm 
posteriorly and with eaeh other anteriorly to form an 
almost rigid, bony pelvis (plnral, pelves), as shown in 
fignre 6.22. 


Coxal Bones 

Eaeh coxal bone is formed by three fnsed bones-ilinm, 
isehinm, and pubis-that join at the aeetabalam (as-e-tab'- 
u-lum), the cup-shaped soeket on the lateral snrfaee. The 
ilinm is the broad snperior portion whose snperior mar- 
gin forms the iliae erest, the prominenee of the hip. Infe- 
rior to the posterior inferior iliae spine is the greater seiatie 
(si -at'-ik) noteh, which allows the passage of blood vessels 
and seiatie nerve from the pelvis to the thigh. The aariea- 
lar sarfaee of eaeh ilium joins with the saernm to form a 
saeroiliae joint. 
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(b) Anterior view of the male pelvis 
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Figure 6.22 Pelves and Coxal Bones. [ÀPl^ 


The ischium forms the inferior, posterior portion 
of a coxal bone and snpports the body when sitting. The 
ronghened projeetion at the posterior, inferior angle of 
the isehinm is the isehial mberosity. Just superior to this 
mberosity is the isehial spine, which projeets medially. 
The distanee between the left and right isehial spines in 
females is important during ehildbirth beeanse it deter- 
mines the diameter of the pelvie opening. 

The pubìs (plural, pabes) is the inferior, anterior 
portion of a coxal bone. A portion of the pubis extends 
posteriorly to fuse with the anterior extension of the 
isehinm. The large opening ereated by this jnnetion is the 


obmrator (ob-tu-rà'-ter) foramen, through which blood ves- 
sels and nerves pass into the thigh. The pubes unite ante- 
riorly to form the pubic sympbysis, where the bones 
are joined by a pad of fibroeartilage. 



When giving intramuscular injeetions in the hip, 
the region near the greater seiatie noteh must be 
avoided to prevent possible injury to the large 
blood vessels and nerves in this area. 
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Table 6.3 Sexual Differenees of the Pelves 


eharaeteristie 

Maie 

Femaie 

General structure 

Heavier; proeesses prominent 

Lighter; proeesses not so prominent 

Pelvie inlet 

Narrower and heart-shaped 

VVider and oval-shaped 

Subpubic angle 

Less than 90° 

More than 90° 

Relative width 

Narrower 

VVider 

Acetabulum 

Faees laterally 

Faees laterally but more anteriorly 


Table 6.3 lists the major differenees between the 
male and the female pelves. Gompare them with the male 
and female pelves in fignre 6.22 and note the adaptations 
of the female pelvis for ehildbirth. The pelvie inlet, an 
opening snperior to the pelvie eavity, is eneireled by the 
pelvie brim, a eirenlar line passing throngh the areaate 
line and the snperior border of pnbis. Its size and shape 
in females are eritieal to the sneeess of the birth proeess. 



The fetus must pass through the pelvie inlet dur- 
ing birth. Physieians carefully measure this open- 
ing before delivery to be sure that it is of adequate 
size. If not, the baby is delivered via a eesarean 
seetìon. In a eesarean seetion, a transverse inei- 
sion is made through the pelvie and uterine walls to 
remove the infant. 



Tibia 

The tìbìa, or shinbone, is the larger of the two bones of 
the leg (fignre 6.23c). It bears the weight of the body. 
Its enlarged proximaI portion eonsists of the lateral and 
medial eondyles, which artienlate with the femnr to form 
the knee joint. The tibial tnberosity, a ronghened area 
on the anterior snrfaee just distal to the eondyles, is the 
attaehment site for the patellar ligament. The distal end of 
the tibia articulates with the talus, a tarsal bone, and lat- 
erally with the fibula. The medial malleolns (mah-Iè-ó'-Ius) 
forms the medial prominenee of the ankle. 

Fibula 

The fìbula is the slender, lateral bone in the leg 
(figure 6.23c). Both ends of the bone are enlarged. The 
proximaI head artienlates with the lateral snrfaee of the tibia 
but is not involved in forming the knee joint. The distal 
end artienlates with the tibia and talus. The lateral malleolns 
forms the lateral prominenee of the ankle. 


Lower Limb 

The bones of eaeh lower lìmb eonsist of a femur, a patella, 
a tibia, a fibula, tarsal bones, metatarsals, and phalanges 
(figure 6.23). 

Femur 

The femur, or thigh bone, is the largest and strongest bone 
of the body (figure 6.23«, ò). Structures at the proximaI end 
inelnde the ronnded head, a short neek, and two large pro- 
eesses that are sites of muscle attaehment: a snperior, lateral 
greater troehanter (trò-kan'-ter) and an inferior, medial lesser 
troehanter. The head of the femur fits into the acetabulum 
of the coxaI bone. The neek is a eommon site of fraetnres in 
older people. At the enlarged distal end are the lateral and 
medial eondgles, snrfaees that artienlate with the tibia. 

Patella 

The patella, or kneeeap, is loeated anterior to the knee joint. 
It is embedded in the tendon of the quadriceps femoris, 
which extends over the anterior of the knee to insert on the 
tibia. The patella offers proteetion to the strnemres within 
the knee joint during movement. 


Tarsal Bones, Metatarsals, and Phalanges 

The skeleton of the foot eonsists of the tarsal bones (ankle), 
metatarsals (instep), and phalanges (toes) (figure 6.23d, e). 
Seven bones eompose the tarsal bones. The most prom- 
inent tarsal bones are the tahis, which artienlates with 
the tibia and fibula, and the ealeaneas (kal-kà'n-é-us), or 



Total hip replaeement (THR) has beeome eommon- 
plaee among older persons as a way to overeome 
the pain and immobility caused by osteoarthritis of 
the hip joint. This procedure utilizes two prosthe- 
ses. A polyurethane cup replaees the damaged 
acetabulum, and a metal shaft and ball replaee the 
diseased head of the femur. Surfaces of the pros- 
theses in eontaet with bone are porous, allowing 
bone to grow into them to ensure a firm attaeh- 
ment. Patient reeovery involves stabilization of the 
prostheses while bone grows into them as well as 
normal healing from the surqery. 

V__ j 
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Figure 6.23 The Right Lovver Limb. 

(o) Posterior view of femur; (b) Anterior view of femur; (e) Anterior view of tibia and fibula; (d) Medial view of foot; 
(e) Superior view of foot. l^lRl 


heel bone. Five metatarsals snpport the instep. They are 
nnmbered I to V, starting with the metatarsal adjaeent to 
the great toe. The tarsal bones and metatarsals are bonnd 
together by ligaments to form strong, resilient arehes of 
the foot. Eaeh toe eonsists of three phalanges (proximal, 
middle, and distal), except for the great toe, which has 
only two (proximal and distal). 



eheek 



IJnderstanding 


10. What bones form the peetoral girdle and npper 
limbs? 

11. What bones form the pelvie girdle and lower limbs? 



6.7 Articulations 

Learning Objeetives 

16. Gompare the structures, functions, and loeations of 
immovable, slightly movable, and freely movable joints. 

17. Gompare the types of movements allowed by freely 
movable Joints. 

18. Gompare the six types of freely movable Joints. 

The jnnetion between two bones or between a bone and 
a tooth forms an artìculatìon, or joint. Joints allow vary- 
ing degrees of movement and are eategorized as immov- 
able, slightly movable, or freely movable. As you read the 
following deseriptions, loeate the different types of joints 
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on the eorresponding illnstrations of skeletal parts in fig- 
ures presented earlier in the ehapter. 

Immovable Joints 

Bones forming an immovable joint, or synarthrosis 
(sin-ar-thró'-sis), are tightly joined and are separated by 
a thin band of dense eonneetive tissue or a thin layer 


of hyaline eartilage. For example, skull bones, except the 
mandible, are joined by dense eonneetive tissue ealled 
sutures because they resemble stitehes (figure 6.24«). The 
joints between bones and teeth are also immovable joints 
separated by dense eonneetive tissue. The epiphysial 
plates in growing bones (see figure 6.5), eomposed of hya- 
line eartilage, are also immovable joints. 
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Figure 6.24 Types of Joints. 

(a) Suture (synarthrosis); (b) Intervertebral dise (amphiarthrosis); (e) Pubic symphysis (amphiarthrosis); (d) Interphalangeal 
joint (diarthrosis). 
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Slighlly Mevable Joints 

Bones forming a slightly movable joint, or amphìarthrosìs 
(am-fé -ar-th-ró '-sis), are separated by a layer of eartilage or 
dense eonneetive tissne. For example, the joints formed 
by adjaeent vertebrae eontain intervertebral dises formed 
of fibroeartilage (fignre 6.24Ò). The limited flexibility of 
the dises allows slight movement between adjaeent ver- 
tebrae. Other examples inelnde the pnbie symphysis 
(fignre 6.24c) and saeroiliae joints. 

Freely Movable Joints 

Most artienlations are freely movable. The strnemre of 
a freely movable joint, or dìarthrosìs (di-ar-thro'-sis), is 
more complex. These joints are also ealled synovial (si- 
no'-ve-al) joints. The ends of the bones forming the joint 
are bonnd together by an anienlar, or joim, eapsnle. The 
thiek external layer of the eapsnle, ealled fibroas mem- 
brane, is eomposed of dense irregnlar eonneetive tissne. 
The thin internal layer of the eapsnle, ealled synovial 
(si-nò'-vé -al) membrane, seeretes synovial flnid that Inbri- 
eates the joint. The ends of the bones are eovered with 
aniealar eanilaye, which proteets bones and rednees 
frietion (fignre 6.24d). Ligaments, the eords or bands 
of dense regnlar eonneetive tissne that eonneet bones 
together, reinforee the joints. Freely movable joints are 
eategorized into several types based on their strnemre 
and types of movements. 

Plane Joints 

A plane joim oeenrs between two flat artienlar snrfaees 
that slide over eaeh other and allows for movement in 
one plane. Some examples of plane joints are the joints 
between earpal bones (fignre 6.25a), between tarsal 
bones, and between elaviele and seapnla. 

eondylar Joints 

A eondylar joim is formed between an oval artienlar snrfaee 
and an oval soeket and allows for movements in two planes. 
The joints between earpal bones and radins and between 
metaearpals and proximal phalanges (fignre 6.25ò) are 
examples of eondylar joints. 

Saddle Joint 

A saddle joim oeenrs where a saddle-like artienlar snrfaee 
fits into a eomplementary depression, allowing movement 
in two planes. This type of joint oeenrs between the tra- 
pezinm (a earpal bone) and metaearpal 1 (fignre 6.25c). 

Hinge Joints 

A hinye joint involves a eylindrieal artienlar snrfaee 
and a eomplementary depression. It allows for move- 
ment similar to opening and elosing a door. The elbow 
(fignre 6.2Sd), knee, and joints between phalanges are all 
hinge joints. 


Pivot Joints 

A pivot joint involves a eylindrieal artienlar snrfaee and 
a eomplementary depression. It allows for rotation move- 
ments along a longimdinal axis. Examples of a pivot joint are 
the joint between atlas and axis (fignre 6.25e) and the joint 
between the radins head and the ulna. 

Ball-and-Soeket Joints 

In a ball-and-soeket joint, a rounded head fits into a ronnded 
soeket. It allows for movements in all planes and provides 
the greatest range of movement of all types of freely mov- 
able joints. The ball-and-soeket joints in the human body 
are the shonlder and hip joints (figure 6.2Sf). 

Movements at Freely Movable Joints 

Movement at a joint resnlts from the eontraetion of skel- 
etal mnseles that span aeross the joint. The type of move- 
ment that occurs is determined by the type of joint and 
the loeation of the muscle or muscles involved. The more 
eommon types of movements are listed in table 6.4 and 
illnstrated in figure 6.26. 



Older persons are prone to “breaking a hip,” which 
means that a weakened femur breaks at the neek. 
This usually is a consequence of osteoporosis, the 
excessive loss of matrix from bones. Osteoporosis 
is caused by a eombination of faetors: insufficient 
calcium in the diet, laek of minimal exercise, and a 
deeline in sex hormones, espeeially in postmeno- 
pausal women. Not only are older persons more 
prone to fractures, but healing of fractures takes 
much longerthan in younger persons. 



eheek 



IJnderstanding 



12. Where are immovable, slightly movable, and 
freely movable joints found in the skeleton? 

13. What types of freely movable joints occur in the 
body, and where are they loeated? 

V__ J 


6.8 Disorders of the Skeletal 
System 

Learning Objeetives 

19. Deseribe eommon disorders of bones. 

20. Deseribe eommon disorders of joints. 

Gommon disorders of the skeletal system may be eat- 
egorized as disorders of bones or disorders of joints. 
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Figure 6.25 Types of Freely Movable Joints. 

Orthopedies (or-thó-pé-diks) is the braneh of medieine 
that speeializes in treating diseases and abnormalities of 
the skeletal system. 

Disorders of Bones 

Fractures are broken bones. Fraetnres are the most eom- 
mon type of bone injnry. Fraemres are eategorized as either 


eomplete or ineomplete. There are also several speeifie sub- 
types, such as the examples noted here and in figure 6.27. 

o eomplete: The break is eompletely through the bone. 
o Compound: A broken bone pierees the skin. 
o Simple: A bone does not pieree the skin. 
o Comminuted: The bone is broken into several 
pieees. 
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Table 6.4 Movements at Freely Movable Joints 

Movements Deseription 


Flexion 

Extension 

Hyperextension 

Dorsifiexion 

Piantar fiexion 

Abdoetion 

Addoetion 

Rotation 

Mediai rotation 

Laterai rotation 

Circuinduction 

Eversion 

inversion 

Pronation 

Supination 

Protraetion 

Retraetion 

Eievation 

Depression 

Opposition 

Reposition 


Deerease in the angie of bones forming the joint 
inerease in the angie of bones forming the Joint 

inerease in the angie of bones forming the Joint beyond the anatomieai position 

Eiexion of the foot at the ankie 

Extension of the foot at the ankie 

Movement of a bone avvay from the midiine 

Movement of a bone tovvard the midiine 

Movement of a bone around its iongitudinai axis 

Rotation of a iimb so its anterior surface turns mediaiiy 

Rotation of a iimb so its anterior surface turns iateraiiy 

Movement of the distai end of a bone in a eireie vvhiie the proximai end forms the pivot joint 
Movement of the soie of the foot iateraiiy 
Movement of the soie of the foot mediaiiy 

Rotation of the forearm vvhen the paim is turned inferioriy or posterioriy 

Rotation of the forearm vvhen the paim is turned superioriy or anterioriy 

Movement of a body part anterioriy 

Movement of a body part posterioriy 

Movement of a body part superioriy 

Movement of a body part inferioriy 

Movement of the thumb to touch the other four fingers 

Movement of the thumb baek to the anatomieai position 


• Segmental: Only one pieee is broken out of the 
bone. 

• Spiral: The fraemre line spirals around the bone. 
Oblique: The break angles aeross the bone. 
Transverse: The break is at right angles to the 
long axis of the bone. 

• ineomplete: The bone is not broken eompletely 
throngh. 

• Greenstiek: The break is only on one side of the 
bone, and the other side of the bone is bowed. 

• Fissured: The break is a lengthwise split in the bone. 

Osteomyelitis is an inflammation of bone and 
bone marrow caused by baeterial infeetion. It is treatable 
with antibioties but not easily cured. 

Osteoporosis (os-té-ó-pó-ró '-sis) is a weakening of 
bones due to the removal of bone matrix, which inereases 
the risk of fraemres. This is a eommon problem in older 
persons due to inaetivity and a deerease in hormone pro- 
dnetion. It is more eommon in postmenopansal women 
beeanse of the laek of estrogens. Exercise and ealeinm 
snpplements retard the deeline in bone density. Therapy 
inelndes dmgs that reduce bone loss or those that pro- 
mote bone formation. However, such drugs must be used 
with caution beeanse they ean have serions side effeets. 


Riekets is a disease of ehildren that is eharaeterized 
by a defieieney of ealeinm salts in the bones. Affeeted ehil- 
dren have a bowlegged appearanee due to the bending of 
weakened femurs, tibiae, and fibnlae. Riekets resnlts from 
a dietary defieieney of vitamin D and/or ealeinm. It is rare 
in indnstrialized nations. 

Disorders of Joinls 

Arthritis (ar-thri'-tis) is the general term for many differ- 
ent diseases of joints that are eharaeterized by inflamma- 
tion, swelling (edema), and pain. Rhenmatoid arthritis and 
osteoarthritis are the most eommon types. 

Rhenmatoid (ni'-mah-toid) anhritis is the most pain- 
ful and erippling type. It is an autoimmune disorder, in 
which the joint tissnes are attaeked by the patienTs own 
defenses. The synovial membrane thiekens, synovial fluid 
accumulates causing swelling, and artienlar eartilages are 
destroyed. The joint is invaded by dense irregnlar eon- 
neetive tissue that ultimately ossifies, making the joint 
immovable. 

Osteoarthritis, the most eommon type, is a degenera- 
tive disease that resnlts from aging and wear. The artienlar 
eartilages and the bone deep to the eartilages gradnally dis- 
integrate, which causes pain and restriets movement. 
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Figure 6.26 Common Movements at Freely Movable Joints. 
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Figure 6.27 Some Types of Bone Fractures. 


Disloeation is the displaeement of bones forming 
a joint. Pain, swelling, and reduced movement are assoei- 
ated with a disloeation. 

Herniated dise is a eondition in which an 
intervertebral dise protrudes beyond the edge of a 
vertebra. A ruptured, or slipped, dise refers to the 
same problem. It is caused by excessive pressure 
on the vertebral column, which causes the naeleas 


palposas, the eentrally loeated gelatinous region of 
the dise, to protrude into the analas fibrosas, the 
perimeter of the dise. The protruding dise may plaee 
pressure on a spinal nerve and cause eonsiderable 
pain (figure 6.28). 

Sprains result from tearing or excessive streteh- 
ing of the ligaments and tendons at a joint without a 
disloeation. 
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Figure 6.28 Herniated Dise. 
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Seoliosis 


Kyphosis 

(“honehbaek”) 


Lordosis 

(“svvaybaek”) 


Abnormal spìnal curvatures are usually eongenital 
disorders. There are three major types (figure 6.29): 



1. Seoliosis is an abnormal lateral curvature of the 
vertebral column. For some reason, it is more 
eommon in adoleseent girls. 

2. Kyphosis (kì -fó-sis) is an excessive thoraeie curvature 
of the vertebral column, which prodnees a hunch- 
baek eondition. 

3. Lordosis is an excessive lumbar curvature of the 
vertebral column, which prodnees a swayback 
eondition. 




14. What are some eommon types of fraemres? 

15. How do osteoarthritis and rhenmatoid arthritis 
differ? 




Figure 6.29 Abnormal Spinal Curvatures. 



6.1 Functions of the Skeletal System 

• The skeletal system provides support for the body and 
proteetion for internal organs. 

• The bones of the skeleton serve as sites for the attaehment 
of skeletal muscles. 

• Formed elements are prodneed by red bone marrow. 

• Bones serve as reservoirs for ealeinm salts. 

6.2 Bone Structure 

• Based on shapes, bones are elassified into short, long, 
sutural, flat, irregular, and sesamoid bones. 

• The diaphysis is the long shaft of a long bone that lies 
between the epiphyses, the enlarged ends of the 
bone. 

• Eaeh epiphysis is joined to the diaphysis by an epiphysial 
plate in immarnre bones, or by fusion at the epiphysial 
line in mamre bones. 

• Artienlar eartilages proteet and enshion the artienlar 
snrfaees of the epiphyses. 

• The periostenm eovers the bone snrfaee except for the 
artienlar eartilages. 

• Gompaet bone forms the wall of the diaphysis and the 
thin snperfieial layer of the epiphyses. 

• Spongy bone forms the internal strnemre of the epiphyses 
and the internal thin layer of the diaphysis wall. 


• The diaphysis eontains a mednllary eavity filled with 
yellow marrow. 

• Gompaet bone is formed of numerous osteons. 

• Gentral eanals eontain blood vessels and nerves. 

• Spongy bone is eomposed of intereonneeted bony plates 
ealled trabeenlae. The spaees between trabeenlae are 
filled with red or yellow bone marrow. 

• Flat, short, and irregnlar bones are eomposed of spongy 
bone eovered by a thin layer of eompaet bone. 

6.3 Bone Formation 

• Intramembranons bones are first formed by eonneetive 
tissue membranes, which are replaeed by bone. 

• Gonneetive tissue eells are transformed into osteoblasts, 
which deposit the spongy bone within the membrane. 

• Osteoblasts from the periostenm form a layer of eompaet 
bone over the spongy bone. 

• Endoehondral bones are first formed of hyaline eartilage, 
which is later replaeed by bone. 

• In long bones, a primary ossifieation eenter forms in 
the eenter of the diaphysis and extends toward the 
epiphyses. 

• Seeondary ossifieation eenters form in the epiphyses. 

• An epiphysial plate of eartilage remains between the 
epiphyses and the diaphysis in immarnre bones. 
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Growth in length oeenrs at the epiphysial plate, which is 
gradnally replaeed by bone. 

Gompaet bone is deposited by osteoblasts from the 
periostenm, and they are responsible for growth in the 
diameter of a bone. 

Osteoelasts hollow out the medullary eavity and reshape 
the bone. 

Bones are dynamie, living organs that are reshaped 
throughout life by the aetions of osteoelasts and 
osteoblasts. 

Bone matrix may be removed from bones for other body 
needs and redeposited in bones later on. 

The number of protein fibers deereases with age. The 
bones of older persons tend to be brittle and weak due 
to the loss of fibers and ealeinm salts, respeetively. 

Divisions of the Skeleton 

The skeleton is divided into the axial and appendienlar 
divisions. 

The axial skeleton inelndes the bones that snpport the 
head, neek, and trunk. 

The appendienlar skeleton inelndes the bones of the 
peetoral girdle and upper limbs and the bones of the 
pelvie girdle and the lower limbs. 

Axial Skeleton 

The axial skeleton eonsists of the skull, vertebral column, 
and thoraeie eage. 

The skull eonsists of eranial and faeial bones; all are 
joined by immovable joints except the mandible. 

The eranial bones are the frontal bone (1), parietal bones 
(2), sphenoid (1), temporal bones (2), oeeipital bone (1), 
and ethmoid (1). 

The faeial bones are the maxillae (2), palatine 
bones (2), zygomatie bones (2), laerimal bones (2), 
nasal bones (2), inferior nasal eonehae (2), vomer (1), 
and mandible (1). 

The frontal bone, sphenoid, ethmoid, and maxillae 
eontain paranasal sinnses. 

Granial bones of an infant skull are separated by 
membranes and several fontanelles, which allow some 
flexibility of the skull during birth. 

Assoeiated bones to the skull include a hyoid bone and 
six anditory ossieles. 

The vertebral column eonsists of 24 vertebrae, the 
saernm, and the coccyx. 

Vertebrae are separated by intervertebral dises and are 
eategorized as eervieal (7), thoraeie (12), and lumbar 
(5) vertebrae. 

The first two eervieal vertebrae are unique. The atlas 
rotates on the axis when the head is mrned. 

Thoraeie vertebrae have eostal faeets on the body and 
transverse proeesses for artienlation with the ribs. 

The bodies of lumbar vertebrae are heavy and strong. 

The saemm is formed of five fused vertebrae and 
forms the posterior portion of the pelvis. 

The coccyx is formed of three to five fused vertebrae and 
forms the inferior end of the vertebral column. 


• The thoraeie eage eonsists of thoraeie vertebrae, ribs, 
and sternnm. It snpports the snperior tmnk and proteets 
internal thoraeie organs. 

• There are seven pairs of tme ribs and five pairs of false 
ribs. The inferior two pairs of false ribs are floating ribs. 

• The sternnm is formed of three fused bones: manubrium, 
body, and xiphoid proeess. 

6.6 Appendicular Skeleton 

• The appendienlar skeleton eonsists of the peetoral and 
pelvie girdles and of the bones of the limbs. 

• The peetoral girdle eonsists of elavieles (2) and seapnlae 
(2), and it snpports the upper limbs. 

• The bones of the upper limb are the humerus, the 
ulna, the radius, earpal bones, metaearpals, and 
phalanges. 

• The humerus articulates with the glenoid eavity of the 
seapnla to form the shonlder joint and with the ulna and 
radius to form the elbow joint. 

• The ulna is the medial bone of the forearm. It artienlates 
with the humerus at the elbow and with the radius and 
earpal bones at the wrist. 

• The radius is the lateral bone of the forearm. It artienlates 
with the humerus at the elbow and with the ulna and 
earpal bones at the wrist. 

• The bones of the hand are the earpal bones (8), metaear- 
pals (5), and phalanges (14). 

• The earpal bones are joined by ligaments to form the 
wrist; metaearpal bones snpport the palm of the hand; 
and the phalanges are the bones of the fingers. 

• The pelvie girdle eonsists of two coxal bones that are 
joined to eaeh other anteriorly. It snpports the lower 
limbs. 

• Eaeh coxal bone is formed by the fusion of three bones: 
the ilium, ischium, and pubis. 

• The ilium forms the superior portion of a coxal bone and 
joins with the saernm to form a saeroiliae joint. 

• The isehinm forms the inferior, posterior portion of a 
coxal bone and snpports the body when sitting. 

• The pubis forms the inferior, anterior part of a coxal bone. 
The two pubes unite anteriorly at the pubic symphysis. 

• A pelvis is formed by two coxal bones and a saernm. 
There are strnemral and fnnetional differenees between 
male and female pelves. 

• Eaeh lower limb eonsists of a femur, a patella, a tibia, a 
fibula, tarsal bones, metatarsals, and phalanges. 

• The head of the femur is inserted into the acetabulum 
of a coxal bone to form a hip joint. Distally, it artienlates 
with the tibia at the knee joint. 

• The patella is a sesamoid bone in the anterior portion of 
the knee joint. 

• The tibia artienlates with the femur at the knee joint and 
with the talus to form the ankle joint. 

• The fibula lies lateral to the tibia. It articulates proximally 
with the tibia and distally with the talus. 

• The skeleton of the foot eonsists of tarsal bones (7), 
metatarsals (5), and phalanges (14). 

• Tarsal bones form the ankle, metatarsal bones snpport 
the instep, and phalanges are the bones of the toes. 
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6.7 Articulations 

• There are three types of joints: immovable, slightly 
movable, and freely movable. 

• Bones forming immovable joints are elosely joined by a 
thin layer of dense eonneetive tissne or hyaline eartilage. 
Sntnres in sknll and epiphysial plates in growing bones 
are examples. 

• Bones forming slightly movable joints are separated by 
fibroeartilage or dense eonneetive tissne. Joints between 
vertebral bodies are examples. 

• Bones forming freely movable joints are bonnd together 
by an artienlar eapsnle. The artienlar snrfaees of the 
bones are eovered by artienlar eartilages. The joint eavity 
is inbrieated by synovial flnid seereted by the synovial 
membrane, the internal layer of artienlar eapsnle. 


• There are six types of freely movable joints: plane, 
eondylar, hinge, saddle, pivot, and ball-and-soeket. 

• Movements at freely movable joints inelnde flexion, 
extension, hyperextension, dorsiflexion, plantar 
flexion, abdnetion, addnetion, rotation, eirenmdnetion, 
inversion, eversion, protraetion, retraetion, elevation, 
depression, pronation, snpination, opposition, and 
reposition. 

6.8 Disorders of the Skeletal System 

• Disorders of bones inelnde fraetnres, osteomyelitis, 
osteoporosis, and riekets. 

• Disorders of joints inelnde arthritis, disloeation, herniated 
dise, abnormal spinal enrvamres, and sprains. 



Answers are loeated in appendix B. 

1. The skeletal system provides_for the body and 

_for many internal organs. 

2. The enlarged ends of a long bone are the_, which 

are eomposed of_bone that is eoated with a thin 

layer of eompaet bone. 

3. Blood vessels and nerves enter a bone throngh a_. 

4. Granial bones are formed by_ossifieation. 

5. Growth in diameter of a long bone oeenrs by deposition 

of bone by osteoblasts from the_. 

6. The sknll, vertebral eolnmn, and thoraeie eage are part of 

the_skeleton. 

7. The bone forming the lower jaw is the_, and it 

artienlates with the 


8. The first vertebra, the_, artienlates with the_ 

bone of the sknll. 

9. Tme ribs are attaehed direetly to the sternnm by the_. 

10. The elavieles and seapnlae form the_. 

11. The arm bone, the_, artienlates with two forearm 

bones, the_and the_. 

12. Eaeh coxal bone is formed of three fnsed bones: 

the_,_, and_. 

13. The thigh bone is the_, and it artienlates distally 

with the_and_. 

14. Among freely movable joints, the elbow is an example of a 

_joint, and the shonlder is an example of a_joint. 

15. _is a weakening of bones due to removal of bone 

matrix. 


Crìtìcal ThìnkìnR 

1. Explain why both osteoelasts and osteoblasts are required for proper bone development. 

2. Bone repairs itself faster than eartilage. Explain why. 

3. Why is osteomyelitis more likely to occur after a compound fraemre than after a greenstiek fraemre? 

4. Explain how bones may beeome weakened if the diet is defieient in ealeinm. 
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Melanie and a few of her friends head out early one 
morningfor a short hike up a nearby mountain to a soenie 
overlook. As the wind gusts, foreing the temperature below 
freezing, they study a map and debate what trail to take. 
Melanie wonders if they made a good deeision to hike 
today as her hands and feet begin to go numb despite her 
gloves and lined winter boots. Shivering violently, Melanie 
follows her friends up the mountain. The hike is strenuous 
because the trail they ehose is both steep and roeky. The 
heat being ereated through the vigorous eontraetions of 
her skeletal muscles begins to gradually warm her body. 

In a short while, Melanie notiees that she is no longer 
shivering or feeling the eold around her. By the time 
Melanie reaehes the overlook, she is actually so warm that 
she begins to sweat. The friends sit on the edge of the 
overlook enjoyingthe view and eaeh other's eompany. As 
the effeets of the eold settle in onee more, Melanie happily 
leads the way down the mountain to where a mug of hot 
ehoeolate and a roaring fire are waiting. 
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SELEGTED KEY TERMS 


Agonist (agogos = leader) A muscle 
whose eontraetion leads an aetion. 
Antagonist (anti = against) A 
muscle whose eontraetion opposes 
the aetion of the agonist. 
Aponenrosis (apo = from; neur = 
eord) A broad sheet of dense 
regnlar eonneetive tissue that 
attaehes a muscle to another 
muscle or eonneetive tissue. 
Greatine phosphate An energy 
storage moleenle found in muscle 
eells. 


Insertion The attaehment of 
a muscle that moves when the 
muscle eontraets. 

Motor unit A somatie motor 
neuron and the muscle fibers that 
it eontrols. 

Muscle fiber A single skeletal 
muscle eell. 

Muscle tone The state of slight 
eontraetion in a skeletal muscle. 
Myoglobin (myo = muscle) An 
oxygen-storage moleenle in muscle 
eells. 


Nenrotransmitter (neuro = nerve; 
transmit = to send aeross) A ehemi- 
eal released by terminal bontons of 
nenrons that aetivates a muscle eell, 
gland, or another neuron. 

Origin The attaehment of a mus- 
ele that remains fixed when the 
muscle eontraets. 

Tendon A narrow band of dense 
regnlar eonneetive tissue that 
attaehes a muscle to a bone. 

Tetany (tetan = rigid, stiff) A 
snstained muscle eontraetion. 


MUSCLE TISSUE is the only tissue in the body that is spe- 
eialized for eontraetion (shortening). The body eontains 
three types of muscle tissue: skeletal, smooth, and eardiae. 
Eaeh type of muscle tissue exhibits unique structural and 
fnnetional eharaeteristies. Gontraetion of skeletal muscle 
tissue produces loeomotion, movement of body parts, 
and movement of the skin, as in making faeial expres- 
sions. Gardiae muscle tissue produces the driving foree 
responsible for pnmping blood throngh the eardiovasenlar 


system, as you will see in ehapter 12. Smooth muscle 
tissue is responsible for varions internal fnnetions, such 
as eontrolling the movement of blood throngh blood 
vessels and air throngh respiratory passageways. It is also 
direetly involved in vision and moving eontents throngh 
hollow internal organs as deseribed in future ehapters. 
Refresh your understanding of these tissnes by referring 
to the disenssion of muscle tissue in ehapter 4. Table 7.1 
snmmarizes the eharaeteristies of muscle tissues. 


Table 7.1 Types of Muscle Tissue 

eharaeteristie Skeietai Smooth Cardiac 


Striations 

Nucleus 

Cells 


Neural eontrol 
Gontraetions 

Loeation 


Mierograph 


Present 

Many peripherally loeated nuclei 
Long and parallel, ealled fibers 

Voluntary 

Fast, variable fatigability; slovv, 
resistant to fatigue 

Attaehed to bones, dermis, liga- 
ments, and other muscles 


Absent 

Single eentrally loeated nucleus 
Short; tapered ends; parallel 

lnvolunta ry 

Slovv; resistant to fatigue 

VValls of hollovv viseeral organs 
and blood and lymphatie vessels, 
skin, and inside eyes 



Present 

Usually a single eentrally loeated 
nucleus 

Shortand branehing; interealated 
disesjoin eells end to end to 
form netvvork 

lnvoluntary 

Rhythmie; resistant to fatigue 
VVall ofthe heart 
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7.1 Structure of Skeletal Muscle 

Learning Objeetives 

1. Deseribe the structure of a skeletal muscle. 

2. Explain how a skeletal muscle is attaehed to a bone 
or other tissues. 

3. Deseribe the structure of a muscle fiber. 

4. Deseribe a motor unit. 

5. Deseribe the structure and function of a neuromus- 
cular junction. 

Skeletal muscles are the organs of the muscular system. 
They are ealled skeletal muscles because most of them are 
attaehed to bones. A skeletal muscle is eomposed mainly 
of skeletal muscle tissue bound together and eleetrieally 
insnlated by eonneetive tissue layers. lndividual skeletal 
muscle eells, ealled muscle fibers due to their long 
skinny shape, are wrapped in areolar eonneetive tissue. 


Muscle fibers extend most of the length of a whole muscle 
and are arranged in small bnndles ealled masele faseieles 
(fah'-si-kuls) that are eaeh surrounded by a layer of dense 
irregnlar eonneetive tissue. A muscle is formed when many 
muscle faseieles are paekaged and held together by an 
external layer of dense irregnlar eonneetive tissue. Groups 
of whole muscles with similar functions are eonneeted 
by a snperfieial layer of dense irregnlar eonneetive tissue 
ealled faseia (fash'-e-ah). The faseia is deep and eonneeted 
to the subcutaneous tissue, which is how the muscles ean 
prodnee skin movement. These muscle eonneetive tis- 
sues extend beyond the end of the muscle tissue to form 
a tough, eordlike tendon, which attaehes the muscle to 
a bone (figure 7.1). Fibers of the tendon and periostenm 
intermesh to form a secure attaehment. A few mnseles 
attaeh to other mnseles, dermis, and ligaments, in addi- 
tion to bones. In these mnseles there is a broad, sheetlike 
attaehment ealled an aponenrosìs. (ap"-ó-nu-ró'-sis). 


Hierarehy of muscle structure 

Muscle 

\ 

Muscle faseieles 

\ 


Periosteum 


Muscle fibers 

I 

Myofibrils 

\ 

Myofilaments 


Muscle faseiele 


Bone 



Dense irregular 
eonneetive tissue 


Muscle faseiele 


Dense irregular 
eonneetive tissue 

Muscle fiber 


Myofibril 


Areolar 

eonneetive tissue 
Sareolemma 


Nucleus 


Myofibril 


Myofilament 


Figure 7.1 A skeletal muscle is primarily eomposed of skeletal muscle fibers supported and bound together in muscle 
faseieles by dense irregular eonneetive tissue. Myofibrils are the eontraetile elements of a muscle fiber. 
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Skeletal Muscle Fibers 

The internal strnemre of skeletal mnsele tissne is so highly 
speeialized that speeifie terminology is used to deseribe 
some muscle fiber structures. The prefixes sareo- (flesh) 
and mpo- (muscle) are often used in renaming muscular 
structures. Therefore, the plasma membrane of a muscle 
fiber is ealled the sareolemma (sar-kó-lem'-ah), and its 
eytoplasm is the sareoplasm. 

The sareoplasm eontains many threadlike myofìbrils, 
which extend the length of the muscle fiber, as shown 
in figure 7.1. Myofibrils are the eontraetile elements of a 
muscle fiber. They eonsist of two kinds of myofilaments 
that interaet to prodnee muscle eontraetions: (1) thin 
myofìlaments eomposed mostly of the protein aetìn and 
(2) thiek myofilaments eomposed of the protein myosin 
(table 7.2). 

A thin myofilament eonsists of two twisted 
strands of aetin moleenles joined together like tiny 
strands of pearls. Two additional proteins, troponin 
and tropomyosin, are present in thin myofilaments 
and play a role in muscle eontraetion. Double strands 
of tropomyosin eoil over eaeh aetin strand and eover 
the myosin bindiny sites. Troponin occurs at regular 
intervals on the tropomyosin strands. A thiek myofila- 
ment is eomposed of hnndreds of myosin moleenles, 
eaeh shaped like a double-headed golf club. The myosin 
heads are able to attaeh to the myosin bind sites on 
the aetin moleenles to form eross-bridges (figure 7.2). 
The organization of thin and thiek myofilaments within 
a muscle fiber produces striations-ihe light and dark 
eross bands that are eharaeteristie of skeletal muscle 
fibers when viewed mieroseopieally. 


Table 7.2 Mieroseopie Anatomy 
of a Skeletal Muscle Fiber 


Structure 

Description/Function 

Sareolemma 

Plasma membrane of a muscle fiber 
maintaining the integrity of the eell 

Sareoplasm 

Gytoplasm ofa muscle fiber that 
eontains organelles 

Nuclei 

Gontain DNA, vvhieh determines eell 
structure and function 

Sareoplasmie 

reticulum 

Smooth ER in a muscle fiber that 
stores Ga^"^ 

Transverse tubules 

Extensions of the sareolemma 
that penetrate into the sareoplasm 
earrying muscle impulses, vvhieh 
trigger the release of Ca^"^ from the 
sareoplasmie reticulum 

Myofibril 

A bundle of myofilaments 

Myofilaments 

Threadlike eontraetile proteins that 
interaet to produce eontraetions 


As shown in figure 7.2, the arrangement of thin and 
thiek myofilaments repeats itself throughout the length of 
a myofibril. These repeating units are ealled sareomeres. A 
sareomere is a fnnetional unit of skeletal muscle-that is, 
it is the smallest portion of a myofibril eapable of eontrae- 
tion. A sareomere extends from a Z line to the next Z line. 
Z lìnes are eomposed of proteins arranged perpendienlar 
to the longimdinal axis of the myofilament. Thin myofila- 
ments are attaehed to eaeh side of the Z lines and extend 
toward the middle of the sareomeres. The I band, which 
is the light band in a mierograph, possesses thin myofil- 
aments only and spans aeross the Z lines. The A band, 
which is the dark band in a mierograph, spans the length 
of the thiek myofilaments. Note that the ends of the thin 
myofilaments do not meet, leaving a spaee at the eenter 
of the A band, which eontains only thiek myofilaments, 
ealled the H band (pale zone). Proteins that maintain the 
strnemre of the eenter the sareomere make up the M line. 

Figure 7.3 illustrates the relationship of the saero- 
plasmie reticulum and transverse (T) tubules to myofibrils 
in a muscle fiber. The sareoplasmìe reticulum is the 
name given to the smooth endoplasmie reticulum in a 
muscle fiber. It plays an important role in eontraetion by 
storing and releasing ealeinm ions. The transverse 

(T) tubules eonsist of invaginations of the sareolemma 
that penetrate into the sareoplasm so that they lie along- 
side and eontaet the sareoplasmie reticulum. 

Neuromuscular interaetion 

A muscle fiber must be stimulated by nerve impnlses 
in order to eontraet. Nerve impnlses are earried from 
the brain or spinal eord to a muscle fiber by a long, thin 
proeess (an axon) of a motor neuron. A motor nearon is 
an action-causing neuron-its nerve impnlses prodnee 
an aetion in the target eells. In muscle fibers, this aetion 
is eontraetion and the speeifie type of motor neuron is 
ealled a somatie motor nearon. 

Motor IJnits 

A somatie motor neuron and all of the muscle fibers to 
which it attaehes, or innervates, form a motor unìt 
(figure 7.4). Whereas a muscle fiber is attaehed to only one 
motor neuron, a single somatie motor neuron may inner- 
vate from 3 to 2,000 muscle fibers. Where preeise mus- 
ele eontrol rather than strength is needed, such as in the 
fingers, a motor unit eontains very few muscle fibers. Large 
numbers of motor units are involved in the manipnlative 
movements of the fingers. In eontrast, where strength 
rather than preeise eontrol is needed, such as in the pos- 
mral mnseles, a motor unit eontrols hnndreds of muscle 
fibers. Whenever a motor neuron is aetivated, it stimu- 
lates eontraetion of all the muscle fibers that it innervates. 
Neighboring muscle fibers do not eontraet due to the insu- 
lation provided by the eonneetive tissue eoverings. 
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Figure 7.2 Structure of a myofibril. (a) A muscle fiber eontains many myofibrils. Eaeh myofibril eonsists of repeating 
functional units ealled sareomeres. (b) The eharaeteristie bands of sareomeres. (e) The arrangement of thin and thiek 
myofilaments vvithin the sareomeres. (d) Details of thin myofilaments and thiek myofilaments. 
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Sareolemnna 


Calcium storage sites 



Transverse tubule 


Mitoehondria 


-Myofibril 


Sareoplasmie 

reticulum 


Transverse tubule 


Figure 7.3 A portion of a muscle fìber shovving the sareoplasmie reticulum and the transverse (T) tubules assoeiated 
with the myofibrils. 


Motor unit 



Muscle fiber 
nucleus 



Neuromuscular 

junctions 


Somatie motor 
neuron axon 


Skeletal muscle 
fibers 


Figure 7.4 A motor unit eonsists of one somatie motor 
neuron and all the muscle fibers that it innervates. Note 
the attaehment of the terminal boutons to the muscle 
fìbers. 


Neuroinuscular Junction 

The part of a somatie motor neuron that leads to a muscle 
fiber is ealled an axon. The eonneetion between the termi- 
nal branehes of an axon and the sareolemma of a muscle 
fiber is known as a neuromuscular junction (figure 7.4). 
As shown in figure 7.5, the terminal boatons (axon tips) fit 
into depressions, the motor end plates, in the sareolemma. 
The tiny spaee between the terminal bouton and the motor 
end plate is the synaptie eleft. Numerous seeretory vesieles 
in the terminal bouton eontain the nenrotransmitter 
(nu-rò-trans'-mit-er) aeetyleholine (as"-é-til-kó'-lèn) or ACh. 
When a somatie motor neuron is aetivated and a nerve 
impnlse reaehes the terminal bouton, ACh is released from 
seeretory vesieles into the synaptie eleft. The attaehment 
of ACh to ACh reeeptors on the motor end plate triggers a 
series of reaetions eansing the muscle fiber to eontraet. 



Anabolìesteroìds, substances similarto the malesex 
hormone testosterone, have been used by some ath- 
letes to promote muscle development and strength. 
However, physieians have warned that such use ean 
produce a number of harmful side effeets, including 
damage to kidneys, inereased risk of heart disease 
and liver eaneer, and inereased irritability. Other side 
effeets include deereased testosterone and sperm 
production in males and inereased faeial hair and 
deepening of the voiee in females. 

e ___ J 
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Figure 7.5 A neuromuscular junction is formed by 
the terminal bouton of a somatie motor neuron and the 
motor end plate of a muscle fiber. The detailed insert 
shovvs the synaptie vesieles, the synaptie eleft, and the 
folded surface of the motor end plate. 



eheek 



Understandinq 


1. How are muscle tissne and eonneetive tissue 
arranged in a skeletal muscle? 

2. What eomposes a muscle fiber? 


7.2 Physiology of Skeletal 
Muscle Contraction 

Learning Objeetives 

6. Deseribe the physiology of eontraetion. 

7. Explain the cause of excess post-exercise oxygen 
consumption (EPOC). 

8. Explain the all-or-none eontraetion of muscle fibers. 

9. Discuss how graded eontraetions of whole muscles 
produce a variety of eontraetion strengths. 

eontraetion of a muscle fiber is a complex proeess that 
involves a number of rapid structural and ehemieal ehanges 
within the muscle fiber. The molecular meehanism of eon- 
traetion is explained by the sliding-filament model deseribed 
in the next seetion. 


Meehanism of Contraction 



As mentioned in the previons seetion, in order for a muscle 
fiber to eontraet it needs to first be stimnlated or ''excited'' 
by a somatie motor neuron. The pairing of a nerve impnlse 
(an eleetroehemieal signal) and physieal eontraetion of the 
muscle fiber is referred to as excitation-contraction 
eonpling. Figure 7.5 shows the steps of excitation. 


1. Gontraetion of a muscle fiber is initiated when the 
terminal bouton of an aetivated somatie motor 
neuron releases ACh into the synaptie elefe. 

2. Aeetyleholine binds to ACh-receptors on the motor 
end plate eansing the formation of a muscle impulse 
(similar to the nerve impnlse that will be deseribed 
in ehapter 8), that spreads over the sareolemma and 
is earried into the sareoplasm by the T tubules. 

3. Stimulation of the sareoplasmie reticulum from the 
nearby T tubules triggers the release of ea^"^ from 
the sareoplasmie reticulum into the sareoplasm. 

Figure 7.6 shows the steps of the eontraetion eyele. 

Step la-ea^"^ within the sareoplasm binds to 
troponin, which then causes the tropomyosin 
strands to ehange position, exposing the myosin 
binding sites on aetin moleenles. 

Step lb-With the myosin binding sites exposed, 
eaeh myosin head binds to a myosin binding site 
to form a eross-bridge with the aetin moleenle. 
Step 2-While the eross-bridge is formed the 
inorganie phosphate detaehes, eansing the 
myosin head to pivot and exert a power stroke 
that pulls the thin myofilaments toward the 
M line of the sareomere. ADP detaehes during 
the pivoting of the myosin head. 

Step 3-The power stroke causes sliding of 
the myofilaments past one another, and the 
sareomere shortens. 

Step 4-A new moleenle of ATP binds to the 
myosin head, eansing myosin to release the 
aetin moleenle. 

Step 5-The detaehed myosin head remrns to its 
relaxed position and then beeomes energized 
after hydrolyzing the ATP to ADP and Pi. 

Step 6-This remrns us to Step Ib, wherein the 
energized myosin head reattaehes to a new 
binding site on aetin, releases Pi, and uses its 
energy to repeat the power stroke in Step 2. 

This eyele rapidly repeats itself to maintain a 
eontraetion as long as ATP and Ca^“^ are available. 

When the somatie motor neuron stops stimnlating 
the muscle fiber, an enzyme in the synaptie eleft ealled 
aeetgleholinesterase begins deeomposing ACh. The break- 
down of ACh prevents eontinned stimnlation of the mus- 
ele fiber. Consequently, Ca^“^ is no longer released from the 
sareoplasmie reticulum and is instead aetively transported 















































142 ehapter 7 Muscular System 



Step 1b: Cross-bridge formation 


Step 1a: Myosin binding site exposure 



Step 6: Myosin reaetivation 



To middle 
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Gontraeted sareomere 


Step 3: Sareomere shortening 



Step 4: ATP binding 



Step 5: Gross-bridge detaehment 


Figure 7.6 Sliding-fìlament model of muscle eontraetion. The release of Ca^^ into sareoplasm causes the exposure 
of myosin binding sites on aetin molecules, enabling the eontraetion eyele to begin. ATP povvers the eontraetion 
eyele. 
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from the sareoplasm into the sareoplasmie reticulum. This 
causes Ca^“^ to unbind troponin, which allows tropomyo- 
sin to move baek over the myosin binding sites and stop 
the eontraetion eyele. The thin and thiek myofilaments 
then slide baek to their original positions, moving the Z 
lines apart, lengthening the sareomeres (muscle relaxation). 

Carefully study figure 7.6, which illustrates the 
sliding-filament model of muscle eontraetion. Note the 
eonfignration of thin myofilaments and thiek myofila- 
ments in a relaxed muscle fiber, how they interaet in the 
steps of the eontraetion eyele, and how eontraetion is 
powered by ATP. Althongh the sliding myofilaments pro- 
duce eontraetion (i.e., the shortening of the sareomeres), 
the lengths of the thin myofilaments and thiek myofila- 
ments remain nnehanged (step 3, figure 7.6). 


Energy for Contraction 

The energy for muscle eontraetion eomes from ATP mol- 
ecules in the muscle fiber. Reeall that ATP is a product of 
cellular respiration. However, there is only a small amount 
of ATP in eaeh muscle fiber. Onee it is used up, more ATP 
must be formed in order for additional eontraetions to 
occur. Figure 7.7 summarizes the proeesses involved in 
the replenishment of ATP. 

While a muscle fiber is relaxed it uses cellular res- 
piration to release energy from nntrients and transfers 
that energy to the high-energy phosphate bonds of ATP. 
Onee there are snffieient amonnts of ATP available in the 
muscle fiber, the high-energy phosphate is transferred to 
ereatine to form ereatine phosphate (CP), which serves 
as a storage form of readily available energy. The resnlting 
ADP is then reeonverted to ATP using eellnlar respiration. 

Muscle eontraetion quickly reduces ATP levels, 
resulting in the high-energy phosphate group being trans- 
ferred baek from the ereatine phosphate to the ADP, 
forming ATP, which ean then be used to power additional 
eontraetions (Figure 7.7a). 

There is four to six times more ereatine phosphate than 
ATP in a muscle fiber so it is an important source for imme- 
diate ATP formation without waiting for the slower proeess 
of eellnlar respiration. However, it ean also be depleted in 
under 10 seeonds in a muscle that is eontraeting repeatedly. 




niea 


nsiqh 


The reaetion that transfers the phosphate between 
ereatine phosphate and ADP is eontrolled by an 
enzyme unique to muscle tissue. When muscle tis- 
sue is damaged this enzyme is released into the 
blood. Elevated levels of the eardiae version of this 
enzyme in blood tests suggest that a heart attaek 
may have occurred. Blood levels of eardiae troponin 
ean be used as an indieator of heart damage as well. 


Oxygen and Cellular Respiration 

Reeall from ehapter 3 that eellnlar respiration is the pro- 
eess of breaking down glneose in two steps: (1) anaero- 
bie respiration in the eytosol and (2) aerobie respiration 
in the mitoehondria. Due to the need of a eonstant sup- 
ply for glucose to generate ATP, muscle fibers store large 
amounts of glneose as muscle glyeogen. Reeall from 
ehapter 2 that glyeogen is a polysaeeharide of glneose. 

Whether or not a muscle fiber uses just anaerobie 
respiration or also inelndes aerobie respiration depends 
on the availability of oxygen. During periods of strenuous 
exercise such as weight lifeing, muscle fibers will employ 
mostly anaerobie respiration beeanse the respiratory and 
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Figure 7.7 A summary of the sources of ATP in muscle 
fibers. 
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cardiovascular systems eannot provide oxygen to muscle 
fibers quickly enough to maintain aerobie respiration. 
The muscle fibers will break down glyeogen to glneose 
and glneose to pyrnvie aeid, in a proeess ealled glyeolysis, 
forming only a small amount of ATP per moleenle of glu- 
eose (see Ghapter 3 and figure 7Jb). 

Sinee anaerobie respiration is not favorable in mus- 
ele fibers, muscle tissue is adapted to faeilitate aerobie 
respiration. Muscle tissue possesses a large number 
of blood vessels and obtains large amonnts of oxygen 
from the blood via hemoglobin, the red pigment in 
red blood eells. Muscle fibers also have a similar pig- 
ment, myoglobin, which stores oxygen within the 
sareoplasm and helps transfer oxygen to the mitoehon- 
dria. In the same manner that ereatine phosphate stores 
extra energy in times of muscle inaetivity, some of 
the oxygen earried to muscle fibers is transferred from 
hemoglobin to myoglobin and stored for later use dur- 
ing periods of muscle aetivity. This hmetion of myoglo- 
bin rednees the muscle fibehs dependenee on oxygen 
earried to it by the blood at the onset of exercise. 
During inaetivity or light to moderate physieal aetiv- 
ity (e.g. endnranee training), muscle fibers reeeive suf- 
fieient oxygen to earry on the aerobie respiration. As 
shown in figure 7.7c, this proeess involves the break- 
down of pgravie aeid prodneed in glyeolysis, or other 
organie nntrients, into earbon dioxide and water. In 
eontrast to anaerobie respiration, aerobie respiration 
provides a large amount of ATP per moleenle of glneose 
(see ehapter 3 and figure 7.7c). 

Excess Post-Exercise Oxygen 
Consumption (EPOC) 

When a muscle fiber utilizes anaerobie respiration, such 
as during strenuous exercise, it accumulates laetie aeid 
and depletes its ATP, CP, and oxygen stores. To restore 
resting eonditions within a muscle fiber after aetivity 
eeases, respiratory and heart rates remain elevated to 
snpport excess post-exercise oxygen eonsnmptìon 
or EPOe (formerly oxygen debt). EPOC is the amount of 
oxygen required to replenish myoglobin and to prodnee 
the ATP needed for the metabolism of the laetie aeid in 
the liver, heart, and skeletal mnseles and the restoration 
of ATP and ereatine phosphate in the muscle fibers. 

Fatigue 

If a muscle is stimulated to eontraet for a long period, 
its eontraetions will gradnally deerease until it no longer 
responds to stimnlation. This eondition is ealled fatigne. 
Althongh the exact meehanism is not known, several fae- 
tors seem to be responsible for muscle fatigue. The most 
likely cause of fatigue in long term muscle aetivity is a 
laek of available nutrients, such as muscle glyeogen and 
fatty aeids, to ntilize for ATP prodnetion. 


Effeets of Exercise on Muscles 

Exercise has a profonnd effeet on skeletal mnseles. 
Strength training, which involves resistanee exercise 
such as weight lifting, causes a muscle fiber to be repeti- 
tively stimulated to maximum eontraetion. Over time, 
the repetitive stimnlation prodnees bypertropby-an 
inerease in muscle fiber size and strength. The number 
of muscle fibers eannot be inereased after birth. Instead, 
hypertrophy resnlts from an inerease in the number of 
myofibrils in muscle fibers, which inereases the diameter 
and strength of the muscle fibers and of the whole mus- 
ele itself In eomparison, laek of repetitive stimnlation to 
maximum foree causes muscular atropby, which is the 
reduction in muscle size and strength due to loss of myo- 
fibrils. Atrophy ean be caused by damage to the nerve 
stimnlating the muscle or laek of use, such as when a limb 
is in a east. Aerobie exercise, or endnranee training, does 
not prodnee hypertrophy. Instead it enhanees the effi- 
eieney of aerobie respiration in muscle fibers by inereas- 
ing (1) the number of mitoehondria, (2) the effieieney of 
obtaining oxygen from the blood, and (3) the eoneentra- 
tion of myoglobin. 

Heat Production 

Heat prodnetion by muscular aetivity is an important 
meehanism in maintaining a normal body temperamre. 
Mnseles are aetive organs that form a large proportion of 
the body weight. Heat prodneed by mnseles resnlts from 
eellnlar respiration and other ehemieal reaetions within 
the muscle fibers. Reeall that 60% of the energy released 
by eellnlar respiration is heat energy. Muscle generates 
so much heat that exercise leads to an inerease in body 
temperamre that requires sweating to help remove heat 
from the body. On the other hand, the major response 
to a deerease in body temperamre is shivering, which is 
involnntary muscle eontraetions. 



eheek 



IJnderstanding 



3. What are the strnemre and fnnetion of a neuro- 
muscular junction? 

4. How do thin and thiek myofilaments interaet 
during muscle eontraetion? 

5. What are the roles of ATP and ereatine phosphate 
in muscle eontraetion? 

6. What are the relationships among eellnlar respira- 
tion, laetie aeid, and excess post-exercise oxygen 
eonsnmption? 

V___ J 


eontraetion diaraeteristies 

When stndying muscle eontraetion, physiologists eon- 
sider both single-fiber eontraetion and whole-muscle 
eontraetion. 
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Contraction of a Single Fiber 

It is possible to remove a single mnsele fiber in order to 
smdy its eontraetion in the laboratory. By nsing eleetrieal 
stimnli to initiate eontraetion and by gradnally inereas- 
ing the strength (voltage) of eaeh stimnlns, it has been 
shown that the fiber will not eontraet nntil the stimnlns 
reaehes a eertain minimal strength. This minimal stimnlns 
is ealled the threshold stimulus. 

Whenever a mnsele fiber is stimnlated by a thresh- 
old stimnlns or by a stimnlns of greater strength, it always 
eontraets eompletely. Thus, a muscle fiber either eontraets 
eompletely or not at all-eontraetion is not proportional to 
the strength of the stimulus. This eharaeteristie of individ- 
ual muscle fibers is known as the all-or-none response. 

Contraction of Whole Muscles 

Much information has been gained by smdying the eon- 
traetion of a whole muscle of an experimental animal. In 
such smdies, eleetrieal stimulation is used to cause eon- 
traetion, and the eontraetion is reeorded to prodnee a 
traeing ealled a myogram. 

If a single threshold stimulus is applied, some of 
the muscle fibers will eontraet to prodnee a single, weak 
eontraetion (a muscle twitch) and then relax, all within a 
fraetion of a seeond. The myogram will look like the one 
shown in figure 7.8. After the stimulus is applied, there is 
a brief interval before the muscle starts to eontraet. This 
interval is known as the latent phase. Then, the muscle 
eontraets (shortens) during the eontraetion phase and 
relaxes (remrns to its former length) during the relaxation 
phase. If a muscle is stimulated again after it has relaxed 
eompletely, it will eontraet and prodnee a similar myo- 
gram. A series of single stimnli applied in this manner will 
yield a myogram like the one in figure 7.9a. 



Figure 7.8 A myogram of a single muscle twitch. Note 
the brief latent phase, eontraetion phase, and longer 
relaxation phase. 


If the interval between stimnli is shortened so that 
the muscle fibers eannot eompletely relax, the foree of indi- 
vidual twitches eombines by sammation, which inereases 
the foree of eontraetion. Rapid snmmation prodnees 
ineomplete tetany, a flnttering eontraetion (figure 7.9b). 
If stimuli are so frequent that relaxation is not possible, 
tetany resnlts (figure 7.9c). Tetany is a state of snstained 
eontraetion without relaxation. In the body, tetany resnlts 
from a rapid series of nerve impnlses earried by somatie 
motor nenrons to the muscle fibers that results in a pro- 
longed state of eontraetion. Tetany for short time periods 
is the usual way in which mnseles eontraet to prodnee 
body movements. 

Graded Responses IJnlike individnal muscle fibers that 
exhibit all-or-none responses, whole mnseles exhibit graded 
responses-thàt is, varying degrees of eontraetion. Graded 
responses enable the degree of muscle eontraetion to fit the 
task being performed. Obvionsly, more muscle fibers are 
required to lift a 14 kg (30 Ib) weight than to lift a feather. 
Yet both aetivities ean be performed by the same mnseles. 

Graded responses are possible beeanse a muscle is 
eomposed of many different motor anits, eaeh responding 
to different thresholds of stimnlation. In the laboratory, 
a weak stimulus that aetivates only low-threshold motor 
units prodnees a minimal eontraetion. As the strength 
of the stimulus is inereased, the eontraetions get stron- 
ger as more motor units are aetivated until a maxìmal 
stìmulus (one that aetivates all motor units) is applied, 
which prodnees a maximal eontraetion. Fnrther inereases 
in the strength of the stimulus (supramaximal) eannot 
prodnee a greater eontraetion. The same resnlts occur in 
a normally fnnetioning body. The nervons system pro- 
vides the stimnlation and eontrols the number of motor 
units aetivated in eaeh muscle eontraetion. The aetiva- 
tion of more and more motor units is known as motor unit 
reeraitment (figure 7.9d). 


Muscle Tone Even when a muscle is relaxed, some of 
its muscle fibers are eontraeting. At any given time, some 
of the muscle fibers in a muscle are involved in a snstained 
eontraetion that prodnees a eonstant partial, but slight, 
eontraetion of the muscle. This state of eonstant partial 
eontraetion, ealled muscle tone, keeps a muscle ready to 
respond. Muscle tone resnlts from the alternating aetivation 
of different motor units by the nervons system so that some 
muscle fibers are always in snstained eontraetion, as seen in 
figure 7.10. Muscle tone of posmral mnseles plays an impor- 
tant role in maintaining ereet posmre. 



eheek 



Understandinq 



7. What is meant by the all-or-none response? 

8. How are mnseles able to make graded responses? 

V___ J 
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Figure 7.9 Myograms of (a) a series of simple tvvitehes, (b) summation caused by ineomplete relaxation betvveen 
stimuli, (e) tetany, and (d) motor unit recruitment. 
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Figure 7.10 (a) Anatomy of motor units in a skeletal muscle. (b) Myogram shovving meehanism of motor unit alterna- 
tion in muscle tone. 
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7.3 Aetions of Skeletal Muscles 

Learning Objeetives 

10. Explain the relationship betvveen a muscle’s origin 
and insertion and its aetion. 

11. Explain hovv agonists and antagonists function in the 
production of body movements. 

Skeletal muscles are usually arranged so that the ends of 
a muscle are attaehed to bones on eaeh side of a joint. 
Thus, a muscle usually extends aeross a joint. The type of 
movement prodneed depends upon the type of joint and 
the loeations of the muscle attaehments. Gommon move- 
ments at joints were disenssed in ehapter 6. 

Origin and insertion 

During eontraetion, a bone to which one end of the 
muscle is attaehed moves, but the bone to which the 
other end is attaehed does not. The movable attaehment 
of a muscle is ealled the insertion, and the immovable 
attaehment is ealled the origin. When a muscle eon- 
traets, the insertion is pulled toward the origin. 

Gonsider the bieeps braehii in figure 7.11. It has 
two origins, and both are attaehed to the seapnla. The 
insertion is on the radius, and the muscle lies along the 
anterior snrfaee of the humerus. When the bieeps braehii 
eontraets, the insertion is pulled toward the origin, which 
resnlts in the flexion of the forearm at the elbow. 

Most muscle eontraetions are isotonie eontraezions, 
which cause movement at a joint. Walking and breathing 
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Figure 7.11 Demonstration of the aetions of agonists 
and antagonists with origins and insertions labeled. 


are examples. However, some eontraetions may not pro- 
duce movement but only inerease tension within a mus- 
ele. Gontraetions that maintain body posmre are good 
examples. Such eontraetions are isometrie eontraetions. 

Muscle interaetions 

Mnseles fnnetion in groups rather than singly, and the 
groups are arranged to provide opposing movements. For 
example, if one group of muscles produces flexion, the 
opposing group produces extension. A group of muscles 
producing an aetion are ealled agonìsts, and the oppos- 
ing group of muscles are ealled antagonìsts. When ago- 
nists eontraet, antagonists must relax, and viee versa, for 
movement to occur. If both groups eontraet simnltane- 
ously, the movable body part remains rigid. Figure 7.11 
illustrates how the bieeps braehii is the agonist of forearm 
flexion, while the trieeps braehii is the antagonist. 

7.4 Namìng of Muscles 

Learning Objeetive 

12. List the eriteria used for naming muscles. 

Learning the complex names and fnnetions of mnseles ean 
be eonfnsing. However, the names of mnseles are informa- 
tive if their meaning is known. A few of the eriteria used 
in naming mnseles and examples of terms found in the 
names of mnseles are listed below: 

• Function: extensor, flexor, addnetor, and pronator. 
Shape: trapezins (trapezoid), rhomboid (rhombns), 
deltoid (delta-shaped or triangnlar), bieeps (two 
heads). 

Relative position: external, internal, abdominal, 
medial, lateral. 

Loeation: intereostal (between ribs), peetoralis 
(ehest). 

• Site of attaehment: temporalis (temporal bone), 
zygomatiens (zygomatie bone). 

Origin and insertion: sternohyoid (sternnm = 
origin; hyoid = insertion), sternoeleidomastoid 
(sternnm and elaviele = origins; mastoid proeess = 
insertion). 

Size: maximus (larger or largest), minimus (smaller 
or smallest), brevis (short), longus (long). 
Orientation of fibers: oblique (diagonal), reems 
(straight), transversns (aeross). 

7.5 Major Skeletal Muscles 

Learning Objeetives 

13. Deseribe the loeation and aetion of the major 
muscles of the body. 

14. Identify the major muscles on a diagram. 
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Trapezius 


Latissimjs dorsi 
Serratus anterior 


External oblique 


Rectus abdominis 



Tensor faseiae 
latae 


Quadriceps femoris 

Rectus femoris 

Vastus intermedius 
(deep) 

Vastus medialis 
Vastus lateralis 


Fibularis longus 
Tibialis anterior 


Extensor 
digitorum longus 


Epicranius, frontal belly 

Orbicularis oculi 
Zygomaticus 

Masseter 
Orbicularis oris 

Sternoeleido- 

mastoid 

Deltoid 

Peetoralis 

major 

Braehialis 
Bieeps braehii 



Braehioradialis 


Adductor longus 
Sartorius 


Graeilis 


Gastrocnemius 


Soleus 


Temporalis 
Epicranius, oeeipital belly 


Sternoeleidomastoid 


Trapezius 


Deltoid 


Teres minor 
Teres major 



Braehio- 

radialis 



Hamstrings 

Bieeps femoris 

Semitendinosus 


Semimembranosus 


Gastrocnemius 


Galeaneal tendon 


Braehialis 


lnfraspinatus 
Rhomboid major 


Latissimus 

dorsi 

External oblique 


Gluteus medius 
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maximus 


Adductor 

magnus 
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Sartorius 


Fibularis 

longus 


Figure 7.12 Anterior view of superfìcial skeletal muscles. 

This seetion is eoneerned with the name, loeation, attaeh- 
ment, and aetion of the major skeletal mnseles. There are 
more than 600 mnseles in the body, but only a few of the 
major muscles are eonsidered here. Most of this informa- 
tion is presented in tables and fignres to aid your learn- 
ing. The tables are organized aeeording to the primary 
aetions of the mnseles. The pronnneiation of eaeh muscle 
is included, because being able to prononnee the names 
eorreetly will help you learn the names of the mnseles. 

As you smdy this seetion, loeate eaeh muscle listed 
in the tables on the related fignres 7.12 to 7.25. This will 
help you visualize the loeation and aetion of eaeh muscle. 
Also, if you visualize the loeations of the origin and inser- 
tion of a muscle, its aetion ean be determined beeanse 


Figure 7.13 Posterior view of superfìcial skeletal muscles. 

eontraetion pulls the insertion toward the origin. It may 
help to refresh your understanding of the skeleton by 
referring to appropriate fignres in ehapter 6. Begin your 
smdy by examining fignres 7.12 and 7.13 to learn the 
major snperfieial mnseles that will be eonsidered in more 
detail as you progress through the ehapter. 

Muscles of Faeial Expression 
and Mastieation 

Muscles of the faee and sealp prodnee the faeial expres- 
sions that help eommnnieate feelings, such as anger, sad- 
ness, happiness, fear, disgnst, pain, and snrprise. Most have 
origins on skull bones and insertions on the dermis of the 
skin (table 7.3 and figure 7.14). 
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Table 7.3 Muscles of Faeial Expression 


Muscle 

Origin 

Insertion 

Aetion 

Buccinator 

(buk'-si-na-tor) 

Lateral surfaces of maxilla 

and mandible 

Orbicularis oris 

Oompresses eheeks 
invvard 

Epicranius 

(ep-i-krà'-ne-us) 

This muscle eonsists of tvvo parts: the frontal belly and the oeeipital belly. They are joined by 
the epieranial aponeurosis, vvhieh eovers the top of the skull. 

Frontal belly 

Epieranial aponeurosis 

Skin and muscles superior to 
the eyes 

Elevates eyebrovvs and 
vvrinkles forehead 

Oeeipital belly 

Base of oeeipital bone 

Epieranial aponeurosis 

Pulls sealp posteriorly 

Orbicularis oculi 
(or-bik'-u-lar-is ok'-u-li) 

Frontal bone and maxillae 

Skin around eye 

eioses eye 

Orbicularis oris 
(or-bik'-u-lar-is- o'-ris) 

Muscles around mouth 

Skin around lips 

eioses and puckers lips; 
shapes lips during speeeh 

Platysma 

(plah-tiz'-mah) 

Faseia of superior ehest 

Mandible and muscles 

around mouth 

Dravvs angle of mouth 
inferiorly 

Zygomaticus 

(zT-gò-mat'-ik-us) 

Zygomatie bone 

Orbicularis oris at angle of 
the mouth 

Elevates eorners of mouth 
(smiling) 


Epicranius 



Frontal belly 


Oeeipital belly 


Masseter 


Splenius eapitis 


Sternoeleidomastoid 




Temporalis 



Orbicularis oculi 


Zygomaticus 


Buccinator 


Orbicularis oris 


Platysma 


Figure 7.14 Muscles of faeial expression and mastieation. 


The epieranms is an unusual muscle. It has a large 
epieranial aponenrosis that eovers the top of the skull and 
two eontraetile portions: the fromal belly over the frontal 
bone and the oeeipital belly over the oeeipital bone. 

Two major pairs of mnseles elevate the mandible in 
the proeess of mastieation (chewing): the masseter and the 
temporalis (table 7.4 and figure 7.14). 


Muscles That Move the Head 

Several pairs of neek mnseles are responsible for flexing, 
extending, and rotating the head. Table 7.5 lists two of 
the major mnseles that perform this fnnetion: the sterno- 
eleidomastoid and the splenias eapitis. As noted in table 7.8, 
the trapezias ean also extend the head, althongh this is 
not its major fnnetion (fignres 7.14, 7.15, and 7.16). 
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Table 7.4 Muscles of Mastieation 


Muscle 

Origin 

Insertion 

Aetion 

Masseter (mas-se'-ter) 

Zygomatie areh 

Lateral surface of mandible 

Elevates mandible 

Temporalis (tem-po-ra'-lis) 

Temporal bone 

eoronoid proeess of mandible 

Elevates mandible 

Table 7.5 Muscles That Move the Head 

Muscle 

Origin 

Insertion Aetion 



Sternoeleidomastoid eiaviele and sternum Mastoid proeess Contraction of both muscles flexes head 

(ster-nò-krr-dò-mas'-toid) oftemporal bone tovvard ehest; eontraetion of one muscle 

turns head avvay from eontraeting muscle 


Splenius eapitis 
(sple'-ne-us kap'-i-tis) 


Inferior eervieal and Mastoid proeess 

superior thoraeie oftemporal bone 

vertebrae 


eontraetion of both muscles extends head; 
eontraetion of one muscle turns head 
tovvard same side as eontraeting muscle 


Sternoeleidomastoid 


Peetoralis minor— 
Internal intereostal 


Serratus anterior 


Rectus abdominis 


Internal oblique 


Transversus abdominis 



Trapezius 


Deltoid 


Peetoralis major 


Linea alba 

(band of eonneetive tissue) 


External oblique 


Aponeurosis of 
external oblique 


Figure 7.15 Muscles of the anterior ehest and abdominal wall. The right peetoralis major is removed to show the 
deep muscles. 


Muscle of the Abdominal Wall 

The abdominal muscles are paired muscles that pro- 
vide support for the anterior and lateral portions of the 
abdominal and pelvie regions, including support for the 


internal organs. The muscles are named for the direetion 
of their muscle fibers: reems abdominis, external oblique, 
internal oblique, and transversus abdominis. They are 
arranged in overlapping layers and are attaehed by larger 
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Trapezius 


Deltoid 


Latissimus dorsi 



Levator scapulae 

Supraspinatus 

lnfraspinatus 
Teres minor 
Teres major 

Rhomboid minor 

Rhomboid major 


Figure 7.16 Muscles of the posterior shoulder. The right trapezius is removed to show deep muscles. 



aponeuroses that merge at the anterior midline to form 
the linea alba, or white line (table 7.6 and figure 7.15). 

Muscles of Breathing 

Movement of the ribs occurs during breathing and is 
bronght about by the eontraetion of two sets of mus- 
eles that are loeated between the ribs. The external 
intereostals elevate and protraet the ribs during inspi- 
ration, and the internal intereostals depress and retraet 
the ribs during expiration (table 7.7 and figure 7.15). 
The primary breathing muscle is the diaphragm, a thin 
sheet of muscle that separates the thoraeie and abdomi- 
nal eavities. 


Moseles That Move 
the Peetoral Girdle 

Peetoral girdle mnseles originate on bones of the axial 
skeleton and insert on the seapnla or elaviele. Beeanse the 
seapnla is snpported mainly by mnseles, it ean be moved 
more freely than the elaviele. The trapezias is a snperfieial 
trapezoid-shaped muscle that eovers much of the supe- 
rior baek. The rhomboid major and minor and the levator 
seapalae lie deep to the trapezins. Eaeh serrams anterior 
is loeated on the lateral snrfaee of the snperior ribs near 
the axillary region. The peetoralis minor lies deep to the 
peetoralis major. It protraets and depresses the seapnla 
(table 7.8 and fignres 7.15 to 7.18). 


Table 7.6 Muscles of the Abdominal Wall 

Muscle Origin Insertion Aetion 


Rectus abdominis 
(rek'-tus ab-dom'-i-nis) 

External oblique 
(eks-ter'-nal o-blèk') 

Internal oblique 
(in-ter'-nal o-blèk') 

Transversus abdominis 
(trans-ver'-sus ab-dom'-i-nis) 


Pubic symphysis and pubis 


Anterior surface of inferior 
eight ribs 

lliae erest and inguinal 
ligament 


Xiphoid proeess of sternum 
and eostal eartilages of 
ribs 5 to 7 

lliae erest and linea alba 


eartilage of inferior four ribs 
pubis, and linea alba 


Tightens abdominal 
vvall; flexes the vertebral 
column 

Tightens abdominal vvall; 
rotation and lateral flexion 
of the vertebral column 

Same as above 
Tightens abdominal vvall 


lliae erest, eartilages of inferior six Pubis and linea alba 
ribs, proeesses of lumbar vertebrae 
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Table 7.7 Muscles of Breathing 


Muscle 

Origin 

Insertion 

Aetion 

Diaphragm 

Lumbar vertebrae, eostal 

Gentral tendon 

Forms floor of thoraeie eavity; 

(eíT-a-fram) 

eartilages of inferior ribs, 

loeated at midpoint 

depresses during eontraetion. 


xiphoid proeess 

of muscle 

causing inspiration 

External intereostals 

Inferior border of 

Superior border 

Elevates and protraets ribs 

(eks-ter'-nal in-ter-kos'-tals) 

rib above 

of rib belovv 

during inspiration 

Internal intereostals 

Superior border of rib 

Inferior border 

Depresses and retraets ribs 

(in-ter'-nal in-ter-kos'-tals) 

belovv 

of rib above 

during expiration 


Table 7.8 Muscles That Move the Peetoral Girdle 


Muscie 

Origin 

Insertion 

Aetion 

Trapezius 

Oeeipital bone; eervieal 

eiavide; spine and aeromion 

Elevates elaviele; adducts and 

(trah-pè-zè'-us) 

and thoraeie vertebrae 

of scapula 

elevates scapula; extends head 

Rhomboid major and 
minor (rom-boid) 

Superior thoraeie vertebrae 

Medial 

1 border of scapula 

Adducts and elevates scapula 

Levator scapulae 
(le-va'-tor skap'-u-lè) 

eervieal vertebrae 

Superior medial margin 
of scapula 

Elevates scapula 

Serratus anterior 
(ser-ra'-tus) 

Superior eight to nine ribs 

Medial 

1 border of scapula 

Depresses, protraets, and 
rotates scapula 

Peetoralis minor 
(pek-to-rah'-lis) 

Anterior surface of 
superior ribs 

Ooraeoid proeess of scapula 

Depresses and protraets 
scapula 


eiavide 


Subscapularis 


Medial border 
of scapula 



{a) Anterior view 


Supraspinatus 


lnfraspinatus 
Teres minor 



(b) Posterior view 


Figure 7.17 Muscles of the rotator cuff. (a) Anterior view showing subscapularis. (b) Posterior view showing supraspi- 
natus, infraspinatus, and teres minor. (e) A gymnast on the rings must have a strong rotator cuff. 


Muscles That Move 
the Arm and Forearm 

Movement of the humerus is enabled by the muscles that 
originate on the peetoral girdle, ribs, or vertebrae and 


insert on the humerus. The arrangement of these mus- 
eles and the ball-and-soeket joint between the humerus 
and scapula enable great freedom of movement for the 
arm. The peetoralis major is the large superficial muscle 
of the ehest. The deltoid is the thiek muscle that eaps the 
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shoulder joint. The snpraspinams, infraspinatas, and teres 
minor eover the posterior surface of the scapula. The ante- 
rior snrfaee of eaeh seapnla is eovered by the sabseapalaris. 
These four muscles and their tendons surround the head 
of the humerus at the shoulder joint, making up the 
rotator cuff (figure 7.17). The muscles and tendons of 
the rotator cuff are the only structures stabilizing the 
shonlder joint; thus the joint is fairly nnstable eompared 
to other joints. However, this relative laek of stability is 
what allows the shonldeTs mobility. The latissimas dorsi 
is a broad, sheetlike muscle that eovers the inferior baek. 
The teres major assists the latissimns dorsi and is loeated 
just superior to it. (table 7.9 and fignres 7.15 to 7.17). 

Mnseles moving the forearm originate on either the 
humerus or the scapula and insert on either the radius or 
the ulna. Three flexors occur on the anterior snrfaee of the 


arm: the bieeps braehii, braehialis, and braehioradialis. One 
extensor, the trieeps braehii, is loeated on the posterior sur- 
faee of the arm (table 7.10 and fignres 7.15, 7.18, and 7.19). 



eheek 



Understandinq 


9. What are the names and loeations of the two 
parts of the epieranins muscle? 

10. What muscles are involved in chewing your food? 

11. What muscles turn your head to the side? 

12. What muscle separates the abdominal and 
thoraeie eavities? 

13. What are the names of the abdominal mnseles 
from deep to snperfieial? 

14. What three mnseles elevate the seapnla? 



Table 7.9 Muscles That Move the Arm 


Muscle 

Origin 

Insertion 

Aetion 

Peetoralis major 
(pek-tò-rah'-lis) 

eiavide, sternum, and earti- 
lages of superior ribs 

Greater tubercle 
of humerus 

Adducts, flexes, and medially 
rotates arm 

Deltoid 

(del'-toid) 

eiavide and spine, and aero- 
mion of scapula 

Deltoid tuberosity 
of humerus 

Abducts, flexes, and extends 

arm 

Latissimus dorsi 
(lah-tis'-i-mus dor'sl) 

Inferior thoraeie and lumbar 
vertebrae; sacrum; inferior 
ribs; iliae erest 

lntertubercular sulcus 

of humerus 

Adducts, extends, and medially 
rotates arm 

Teres major 
(teV-ez) 

Inferior angle of scapula 

Distal to lesser tuber- 

ele of humerus 

Same as above 

Rotator cuff maseles 

These four muscles stabilize the shoulder Joint 


Supraspinatus 

(su-prah-spT-na-tus) 

Superior to spine of scapula 

Greater tubercle 

of humerus 

Abducts arm 

lnfraspinatus 

(in-frah-spT-na-tus) 

Inferior to spine of scapula 

Greater tubercle 
of humerus 

Laterally rotates arm 

Teres minor 

Lateral border of scapula 

Greater tubercle 

of humerus 

Laterally rotates arm 

Subscapularis 

(su-skap-u-larTis) 

Anterior surface of scapula 

Lesser tubercle 

of humerus 

Medially rotates arm 

Table 7.10 Muscles That Move the Forearm 

Muscle 

Origin 

Insertion 

Aetion 

Bieeps braehii 
(bi'-seps bra'-ke-i) 

Goraeoid proeess and tubercle 
superior to glenoid eavity of 
scapula 

Radial tuberosity of radius 

Flexes forearm and 
supination, also flexes 

arm 

Braehialis 

(bra'-ke-al-is) 

Distal, anterior surface of humerus 

Goronoid proeess of ulna 

Flexes forearm 

Braehioradialis 

(bra-ke-ò-ra-de-a'-lis) 

Lateral surface of distal end of 

humerus 

Lateral surface of radius superior Flexes forearm 

to styloid proeess 

Trieeps braehii 
(trT-seps bra'-ke-l) 

Lateral and medial surfaces of 
humerus and tubercle inferior to 
glenoid eavity of scapula 

Oleeranon of ulna 

Extends forearm, also 
extends arm 
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Bieeps braehii 


Braehialis 


Braehioradialis 


Extensor earpi radialis longus 


Flexor earpi radialis 


Palmaris longus 


Flexor earpi ulnaris 



Trieeps braehii 


Flexor earpi ulnaris 


Extensor earpi ulnaris 



Braehioradialis 


Extensor earpi 
radialis longus 


Extensor digitorum 


Figure 7.18 Muscles of the anterior forearm. &P|R| 


Figure 7.19 Muscles of the posterior forearm 



Muscles That Move the Wrist 
and Fingers 

Many mnseles that prodnee the varions movements of 
the wrist and fingers are loeated in the forearm. Only a 
few of the larger snperfieial mnseles are eonsidered here. 
They originate from the distal end of the hnmerns and 
insert on earpal bones, metaearpals, or phalanges. Flexors 
on the anterior snrfaee inelnde the /Iexor earpi radialis, 
flexor earpi alnaris, and palmaris longas. Extensors on the 
posterior snrfaee inelnde the extensor earpi radialis longas, 
extensor earpi alnaris, and extensor digitoram (table 7.11; 
and fignres 7.18 and 7.19). Note that the tendons of 
these mnseles are held in position by a eirenlar ligament 
at the wrist. 



eheek 



IJnderstanding 



15. What muscle abdnets and extends your arm? 

16. What muscle extends your forearm? 

17. What muscle extends your fingers? 

V___ J 


Muscles That Move the Thigh 
and Leg 

Mnseles moving the thigh span the hip joint. They insert 
on the femnr, and most originate on the pelvie girdle. The 
iliaeas and psoas major are loeated anteriorly, the glmeas 
maximus is loeated posteriorly and forms the bnttoeks, 
the glmeas medias is loeated deep to the glntens maximus 
posteriorly and extends laterally, and the tensor faseiae 
latae is loeated laterally. The addaetor longas and addaetor 
magnas are both loeated medially (table 7.12 and figures 
7.20, 7.21, and 7.22). 

The leg is moved by mnseles loeated in the thigh. 
They span the knee joint and originate on the pelvie 
girdle or femur and insert on the tibia or fibula. The 
quadriceps femoris is eomposed of four muscles that 
have a eommon tendon that inserts on the patella. How- 
ever, this tendon eontinnes as the patellar ligament, which 
attaehes to the tibial tuberosity-the functional insertion 
for these mnseles. The bieeps femoris, semitendinosns, and 
semimembranosas on the posterior snrfaee of the thigh are 
often eolleetively ealled the hamstrings. The medially 
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Table 7.11 Muscles That Move the Wrist and Finaers 


Muscle 

Origin 

Insertion 

Aetion 

Flexor earpi radialis 
(flek'-sor kar'-pT ra-dè-a'-lis) 

Medial epieondyle 
of humerus 

Metaearpals II and III 

Elexes and abducts wrist 

Flexor earpi ulnaris 
(flek'-sor kar'-pT ul-na'-ris) 

Medial epieondyle of 
humerus and oleeranon 

of ulna 

Garpal bones and 
metaearpal V 

Elexes and adducts wrist 

Palmaris longus 
(pal-ma'-ris long'-gus) 

Medial epieondyle 
of humerus 

Easeia of palm 

Elexes wrist 

Extensor earpi radialis longus 
(eks-ten'-sor kar'-pT ra-dè- 
a'-lis long'-gus) 

Lateral epieondyle 
of humerus 

Metaearpal II 

Extends and abducts wrist 

Extensor earpi ulnaris 
(eks-ten'-sor kar'-pT ul-na'-ris) 

Lateral epieondyle 
of humerus 

Metaearpal V 

Extends and adducts wrist 

Extensor digitorum 
(eks-ten'-sor dij-i-to'-rum) 

Lateral epieondyle 
of humerus 

Posterior surfaces 
of phalanges ll-V 

Extends fingers 


Table 7.12 Muscles That Move the Thiah 


Muscie 

Origin 

Insertion 

Aetion 

lliacus 

(il'-è-ak-us) 

Eossa of ilium 

Lesser troehanter of femur 

Elexes thigh 

Psoas major 
(so'-as) 

Lumbar vertebrae 

Lesser troehanter of femur 

Elexes thigh 

Gluteus maximus 

Posterior surfaces of ilium. 

Posterior surface of femur 

Extends and laterally rotates 

(glu'-tè-us mak'-si-mus) 

sacrum, and coccyx 

and iliotibial traet 

thigh 

Gluteus medius 
(glu'-tè-us mè'-dè-us) 

Lateral surface of ilium 

Greater troehanter of femur 

Abducts and medially 
rotates thigh 

Tensor faseiae latae 
(ten'-sor fash'-è-è lah-tèO 

Anterior iliae erest 

lliotibial traet 

Elexes and abducts thigh 

Adductor longus 
(ad-duk'-tor long'-gus) 

Pubis near pubic symphysis 

Posterior surface of femur 

Adducts, flexes, and laterally 
rotates thigh 

Adductor magnus 
(ad-duk'-tor mag'-nus) 

Inferior portion of ischium 
and pubis 

Same as above 

Same as above 





lntramuscular injeetions are eommonly used when 
quick absorption is desired. Such injeetions are 
given in three sites; (1) the lateral surface of the del- 
toid; (2) the gluteus medius in the superior, lateral 
portion of the buttock; and (3) the vastus lateralis 
near the midpoint of the lateral surface of the thigh. 
These injeetion sites are ehosen because there 
are no major nerves or blood vessels present that 
could be damaged, and the muscles have a good 
blood supply to aid absorption. The site ehosen 
may vary with the age and eondition of the patient. 

V___ J 


loeated graeilis has two insertions that give it dual aetions. 
The long, straplike sanorins extends diagonally aeross 
the anterior surface of the thigh and spans both the hip 
and knee joints. Its eontraetion enables the legs to eross 
(tables 7.12, and 7.13 and fignres 7.20, 7.21, and 7.22). 

Muscles That Move the Foot and Toes 

Many mnseles are involved in the movement of the 
foot and toes. They are loeated in the leg and originate 
on the femur, tibia, or fibula and insert on the tarsal 
bones, metatarsals, or phalanges. The posterior leg mus- 
eles include the gastroenemias and solens, which insert 
throngh a eommon tendon, the ealeaneal (Aehilles) 
tendon, which attaehes to the ealeanens. The tibialis 
















156 ehapter 7 Muscular System 


Psoas major 


lliacus 


Tensor faseiae 
latae 


Quadriceps femoris 

Vastus intermedius 
(deep not shown) 

Rectus femoris- 

Vastus lateralis- 

Vastus medialis— 

Patella- 



Adductor longus 

Adductor magnus 

Graeilis 

Sartorius 


Patellar ligament 


Figure 7.20 Muscles of the anterior right thigh. (Note 
that the vastus intermedius is deep to the rectus femoris 
and is not visible in this view.) 


Gluteus medius 


Gluteus - 
maximus 


Bieeps femoris 



Tensor faseiae 
latae 

Sartorius 

Rectus femoris 

Vastus lateralis 


lliotibial traet 


Adductor magnus 


Graeilis 


Hamstrings 

Semitendinosus 

Bieeps femoris 


Semimembranosus 


Sartorius 


Gastrocnemius 



Gluteus medius 


Gluteus maximus 


Vastus lateralis 
eovered by 
iliotibial traet 


Figure 7.22 Muscles of the posterior rightthigh. 


amerior is anteriorly loeated, and the extensor digitoram 
longns lies lateral to it. Note that althongh the extensor 
digitornm extends the toes, as its name implies, it also 
dorsiflexes the foot. The fibalaris longas is loeated on 
the lateral snrfaee of the leg (table 7.14 and fignres 7.23 
to 7.25). 

Note how the tendons are held in position by the 
bands of ligaments at the ankle. 



Repeated stress from athletie aetivities may cause 
inflammation of a tendon, a eondition known as ten- 
donìtìs. Tendons assoeiated with the shoulder, elbow, 
hip, and knee joints are most eommonly affeeted. 





Check My IJnderstanding 

18. Name the mnseles that flex the thigh. 

19. What are the four parts of the quadriceps femoris? 

20. What is the aetion of mnseles inserting on the 
ealeanens? 


Figure 7.21 Muscles ofthe lateral rightthigh. 
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Table 7.13 Muscles That Move the Leg 


Muscle 

Origin 

Insertion Aetion 


Quadriceps femoris 

Four muscles of the anterior thigh that extend the leg. 



(quad'-ri-seps fem'-or-is) 






Rectus femoris 

Anterior inferior iliae spine and 

Patella 

i; tendon continues 1 

Extends 1 

leg and flexes thigh 

(rek'-tus fem'-or-is) 

superior margin of acetabulum 

as patellar ligament, vvhieh 





attaehes to tibial tuberosity 



Vastus lateralis 

Greater troehanter and posterior 

Same as above 1 

Extends 1 

leg 

(vas'-tus lat-er-alis) 

surface of femur 





Vastus medialis 

Medial and posterior surfaces 

Same as above 1 

Extends 1 

leg 

(vas'-tus me-de-alis) 

of femur 





Vastus intermedius 

Anterior and lateral surfaces 

Same as above 1 

Extends 1 

leg 

(vas'-tus in-ter-mè'dè-us) 

of femur 





Hamstrings 

Three distinet muscles of the posterior thigh that flex leg and extend thigh. 


Bieeps femoris 

isehial tuberosity and posterior 

Head offibula and lateral 1 

Elexes and laterally rotates 

(bi'-seps fem'-or-is) 

surface of femur 

eondyle of tibia 1 

leg; extends thigh 

Semitendinosus 

isehial tuberosity 

Medial 

1 surface of tibia 1 

Elexes and medially rotates 

(sem-è-ten-di-no'-sus) 




leg; extends thigh 

Semimembranosus 

isehial tuberosity 

Medial eondyle of tibia 1 

Elexes and medially rotates 

(sem-è-mem-brah-nò'-sus) 




leg; extends thigh 

Graeilis 

Pubis near pubic symphysis 

Medial 

1 surface of tibia Adducts thigh; flexes leg 

(gras'-il-is) 



and loeks knee 

Sartorius 

Anterior superior iliae spine 

Medial 

1 surface of tibia 1 

Elexes thigh and leg; abducts 

(sar-to'r-è-us) 



and laterally rotates thigh 


Table 7.14 Muscles That Move the Foot and Toes 


Muscle 

Origin 

Insertion 

Aetion 

Gastrocnemius 

Medial and lateral eondyles 

Calcaneus by the 

Plantar flexes foot and flexes leg 

(gas-tròk-nè'm-è-us) 

of femur 

ealeaneal tendon 


Soleus 

Posterior surface of tibia 

Calcaneus by the 

Plantar flexes foot 

(sò1-è-us) 

and fibula 

ealeaneal tendon 


Fibularis longus 

Lateral eondyle of tibia and 

Metatarsal 1 and tarsal 

Plantar flexes and everts foot; 

(fib-yu-lar-ris long'-gus) 

head and body of fibula 

bones 

supports areh 

Tibialis anterior 

Lateral eondyle and surface 

Metatarsal 1 and tarsal 

Dorsiflexes and inverts foot 

(tib-è-al-is an-te'rè-or) 

of tibia 

bones 


Extensor digitorum longus 

Lateral eondyle of tibia 

Phalanges of toes ll-V 

Dorsiflexes and everts foot; 

(eks-ten'-sor dig-i-tor'-um 
long'-gus) 

and anterior surface of fibula 


extends toes 


7.6 Disorders of the Muscular 
System 

Learning Objeetive 

15. Deseribe the major disorders of the muscular system. 

Some disorders of the muscle system may result from fae- 
tors assoeiated only with muscles, while others are caused 
by disorders of the nervous system. Gertain nenrologi- 
eal disorders are inelnded here beeanse of their obvions 
effeet on muscle aetion. 


Muscular Disorders 

Cramps involve involnntary, painfnl tetany. The pre- 
eise cause is unknown, but a eramp seems to result from 
ehemieal ehanges in the muscle, such as ionie imbalanees 
or ATP defieieneies. Sometimes a severe blow to a muscle 
ean prodnee a eramp. 

Fibrosis (fi -bró '-sis) is an abnormal inerease of 
eonneetive tissue in a muscle. Usually, it results from 
eonneetive tissue replaeing dead muscle fibers following 
an injury. 






158 ehapter 7 Muscular System 


Tibialis anterior 
Fibularis longus 


Extensor digitorum 
longus 



Patella 


Patellar ligament 


Gastrocnemius 


Soleus 


Tibia 


Figure 7.23 Muscles of the anterior right leg. BpIR) 


Fibromyalgia (fi-bró-mi-alj-a) is a painful eondition 
of the muscles and joints with no known cause. Onee 
thonght to be a mental disorder, this is aetnally a muscu- 
loskeletal disorder that often leads to depression due to 
the helpless namre of the ehronie symptoms. 

Muscular dystrophy (dis'-tró -fé) is a general term 
for a number of inherited muscular disorders that are 
eharaeterized by the progressive degeneration of mnseles. 
The affeeted mnseles gradnally weaken and atrophy, pro- 
ducing a progressive erippling of the patient. There is no 
speeifie drug cure, but patients are eneonraged to keep 
aetive and are given muscle-strengthening exercises. 

Strains, or "'pnlled mnseles,'' result when a muscle 
is stretehed excessively. This usually occurs when an 
antagonist has not relaxed quickly enough as an agonist 
eontraets. The hamstrings are a eommon site of muscle 
strains. In mild strains, only a few muscle fibers are dam- 
aged. In severe strains, both eonneetive and muscle tissues 
are torn, and muscle hmetion may be severely impaired. 


Bieeps femoris 


Gastrocnemius 


Soleus 


Fibularis longus 


Galeaneal tendon 


Vastus lateralis 


Head of fibula 


Tibialis anterior 



Extensor digitorum 


Figure 7.24 Lateral view of moseles of the right leg. 


Neurological Disorders 
Affeeting Moseies 

Botulism (boch'-u -lizm) poisoning is caused by a neuro- 
toxin prodneed by the baeterinm eiostridiam botalinam. 
The toxin prevents release of ACh from the terminal 
bontons of somatie motor axons. Without prompt treat- 
ment with an antitoxin, death may result from paralysis of 
breathing mnseles. Poisoning resnlts from eating improp- 
erly eanned vegetables or meats that eontain C. botalinam 
and the accumulated toxins. 

Myasthenia gravis (mi-as-thé'-né-ah grav'-i-is) is 
eharaeterized by extreme muscular weakness caused by 
improper hmetioning of the neuromuscular junctions. It 
is an autoimmune disease in which antibodies are pro- 
duced that attaeh to the ACh reeeptors on the motor 
end plate and reduce or bloek the stimulatory effeet of 
ACh. Myasthenia gravis occurs most frequently in women 
between 20 and 40 years of age. Usually, it first affeets 
ocular muscles and other mnseles of the faee and neek, 
which may lead to diffienlty in chewing, swallowing, and 
talking. Other mnseles of the body may be involved later. 
Treatment typieally involves the use of aeetyleholinester- 
ase inhibitors and immunosuppressive drugs, such as the 
steroid prednisone. 
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Semitendinosos 


Semimembranosus 

Graeilis- 

Sartorius- 


Gastrocnemius: 
Medial head 
Lateral head 


Soleus- 

Galeaneal tendon 


Calcaneus 



Bieeps femoris 


Fibularis longus 


Figure 7.25 Muscles of the posterior right leg. 


Poliomyelitis (pó -lé -ó -mi -e-li' -tis) is a viral dis- 
ease of somatie motor neurons in the spinal eord. Destruc- 
tion of the somatie motor nenrons leads to paralysis of 
skeletal mnseles. It is now rare in indnstrialized eonntries 
due to the availability of a polio vaeeine. Virmally all ehil- 
dren in the United States reeeive this vaeeine, which pro- 
teets them from polio. 

Spasms are sudden, involnntary eontraetions of a 
muscle or a group of muscles. They may vary from simple 
twitches to severe convulsions and may be aeeompanied 
by pain. Spasms may be caused by irritation of the motor 
nenrons snpplying the muscle, emotional stress, or neu- 
rologieal disorders. Spasms of smooth muscle in the walls 
of the digestive and respiratory traets, or eertain blood 
vessels ean be hazardons. Hieenpping is a spasm of the 
diaphragm. 

Tetanus (tet'-ah-nus) is a disease caused by the 
anaerobie baeterinm eiostridiam tetani, which is eom- 
mon in soil. infeetion usually results from puncture 
wounds. e. tetani prodnees a neurotoxin that affeets 
somatie motor nenrons in the spinal eord, resnlting in 
continuous stimulation and tetany of eertain mnseles. 
Beeanse the first mnseles affeeted are those that move 
the mandible, this disease is often ealled 'dockjaw.'' 
Without prompt treatment, mortality is high. Young 
ehildren usually reeeive vaeeinations of tetanns toxoid 
to stimnlate prodnetion of antibodies against the neuro- 
toxin. Booster injeetions are given at regnlar intervals to 
keep the eoneentration of antibodies at a high level in 
order to prevent the disease. 



• The three types of muscle tissue in the body are skeletal, 
smooth, and eardiae. 

Eaeh type of muscle tissue has unique structural and 
fnnetional eharaeteristies. 

7.1 Structure of Skeletal Muscle 

• Eaeh skeletal muscle is formed of many muscle fibers 
that are arranged in faseieles. 

• Gonneetive tissue envelops eaeh muscle fiber, eaeh 
faseiele, and the entire muscle. 

Muscles are attaehed to bones or other tissnes by either 
tendons or aponenroses. 

• The sareolemma is the plasma membrane of a muscle 
fiber, and the sareoplasm (eytoplasm) eontains the 
myofibrils, the eontraetile elements. 

Myofibrils eonsist of thiek and thin myofilaments. The 
arrangement of the myofilaments prodnees the striations 
that are eharaeteristie of muscle fibers. 

• Eaeh myofibril eonsists of many sareomeres joined end- 
to-end. A sareomere is bonnded by a Z line at eaeh end. 


• I bands are light areas in a muscle tissue mierograph, and 
A bands are dark areas. 

• The H band is the eenter of a sareomere and eontains 
only thiek myofilaments. 

• The terminal bouton of a somatie motor neuron is 
adjaeent to eaeh muscle fiber at the neuromuscular 
junction. The terminal bouton fits into depressions in 
the sareolemma, ealled motor end plates. The synaptie 
eleft is the small spaee between the terminal bouton and 
motor end plate. The nenrotransmitter ACh is eontained 
in tiny vesieles in the terminal bouton. 

• Eaeh muscle fiber is innervated and eontrolled by a 
somatie motor neuron. 

• A motor unit eonsists of a somatie motor neuron and all 
muscle fibers it innervates. 

7.2 Physiology of Skeletal Muscle 

Contraction 

• An aetivated terminal bouton releases ACh into the synap- 
tie eleft. ACh attaehes to ACh reeeptors of the motor end 
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plate, which leads to the release of within the sareo- 
plasm. This, in mrn, leads to the formation of eross-bridges 
between the heads of myosin moleenles and the myosin 
binding sites on aetin moleenles. A series of ratehetlike 
movements pulls the thin myofilaments toward the eenter 
of the sareomere, prodneing eontraetion. 

• Aeetyleholinesterase quickly breaks down ACh to 
prevent eontinned stimnlation and to prepare the muscle 
fiber for the next stimulus. 

• Energy for eontraetion eomes from high-energy 
phosphate bonds in ATP. 

• After eellnlar respiration has formed a muscle fibePs 
normal supply of ATP, excess energy is transferred to 
ereatine to form ereatine phosphate, which serves as a 
reserve supply of energy. 

• Small amonnts of oxygen are stored in eombination 
with myoglobin, which gives muscle fibers a reserve of 
oxygen for aerobie respiration. 

• Vigorons muscular aetivity quickly exhausts available 
oxygen, leading to the accumulation of laetie aeid and 
eansing excess post-exercise oxygen eonsnmption. Heavy 
breathing after exercise provides the oxygen required to 
metabolize laetie aeid and restore the pre-exercise state 
within the muscle fiber. 

• Fatigue most likely results primarily from the laek of raw 
fuel in a muscle fiber. 

• Large amounts of heat are prodneed by the ehemieal and 
physieal proeesses of muscle eontraetion. 

• When stimnlated by a threshold stimulus, individual 
muscle fibers exhibit an all-or-none eontraetion response. 

• A simple eontraetion eonsists of a latent phase, eontraetion 
phase, and relaxation phase. 

• Whole mnseles provide graded eontraetion responses, 
which are enabled by the number of motor units that are 
reernited. 

• A snstained eontraetion of all motor units is tetany. 

• Muscle tone is a state of partial eontraetion that resnlts 
from alternating eontraetions of a few motor units. 

7.3 Aetions of Skeletal Muscles 

• The origin is the immovable attaehment, and the inser- 
tion is the movable attaehment. 

• Mnseles are arranged in groups with opposing aetions: 
agonists and antagonists. 

7.4 Naming of Muscles 

• Several eriteria are used in naming mnseles. 

• These eriteria inelnde fnnetion, shape, relative position, 
loeation, site of attaehment, origin and insertion, size, 
and orientation of fibers. 

7.5 Major Skeletal Muscles 

• Mnseles of faeial expression originate on skull bones 
and insert on the dermis of the skin. They inelnde the 


epieranins, orbienlaris oculi, orbicularis oris, buccinator, 
zygomatiens, and platysma. 

• Mnseles of mastieation originate on fixed skull bones and 
insert on the mandible. They inelnde the masseter and 
the temporalis. 

• Mnseles that move the head occur in the neek and 
snperior baek. They inelnde the sternoeleidomastoid 
and splenins eapitis. 

• Mnseles of the abdominal wall eonneet the pelvie girdle, 
thoraeie eage, and vertebral column. They inelnde the 
reems abdominis, external oblique, internal oblique, and 
transversns abdominis. 

• The diaphragm is the major muscle of breathing. 

• External intereostals and internal intereostals move the 
ribs, helping breathing. 

• Mnseles that move the peetoral girdle originate on the 
thoraeie eage or vertebrae and insert on the peetoral 
girdle. They inelnde the trapezins, rhomboid major and 
minor, levator seapnlae, peetoralis minor, and serrams 
anterior. 

• Mnseles that move the arm originate on the thoraeie 
eage, vertebrae, or peetoral girdle and insert on the 
humerus. They include the peetoralis major, deltoid, 
subscapularis, supraspinatus, infraspinams, latissimns 
dorsi, teres major, and teres minor. 

• Snpraspinams, infraspinams, teres minor, and subscapu- 
laris make up the rotator cuff 

• Muscles that move the forearm originate on the seapnla 
or humerus and insert on the radius or ulna. They 
inelnde the bieeps braehii, braehialis, braehioradialis, and 
trieeps braehii. 

• Mnseles that move the wrist and fingers are the mnseles 
of the forearm. They inelnde the flexor earpi radialis, 
flexor earpi nlnaris, palmaris longus, extensor earpi 
radialis longus, extensor earpi nlnaris, and extensor 
digitomm. 

• Mnseles that move the thigh originate on the pelvie 
girdle and insert on the femur. They include the iliacus, 
psoas major, gluteus maximus, gluteus medius, tensor 
faseiae latae, addnetor longus, and addnetor magnus. 

• Muscles that move the leg originate on the pelvie girdle 
or femur and insert on the tibia or fibula. They include 
the quadriceps femoris, bieeps femoris, semitendinosus, 
semimembranosus, graeilis, and sartorins. 

• Mnseles that move the foot and toes are the mnseles 
of the leg. They inelnde the gastroenemins, soleus, 
fibularis longus, tibialis anterior, and extensor digitomm 
longus. 

7.6 Disorders of the Muscular System 

• Disorders of muscles include eramps, fibrosis, 
fibromyalgia, muscular dystrophy, and strains. 

• Nenrologieal disorders that direetly affeet muscle aetion 
inelnde bomlism, myasthenia gravis, poliomyelitis, 
spasms, and tetanns. 
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Self-Revi ew 


Answers are loeated in appendix B. 

1. A skeletal mnsele eonsists of many_, which are 

arranged in faseieles. 

2. Mnseles are attaehed to bones by_. 

3. A eontraetile unit of a myofibril is a_. 

4. A muscle eontraetion is triggered by_binding to 

its reeeptors on the motor end plate. 

5. Gontraetion occurs when thiek myofilaments pull_ 

myofilaments toward the eenter of a sareomere. 

6. The movable attaehment of a muscle is its_. 

7. The mandible is elevated by the eontraetion of the 

temporalis and the_. 


8. The abdominal muscle extending from the sternnm to 

the pubis is the_. 

9. The broad muscle of the inferior baek is the_. 

10. The shonlder muscle that abducts the arm is the_ 

11. The arm muscle that extends the forearm is the_ 

12. The large muscle that extends and laterally rotates the 

thigh is the_. 

13. The four-part thigh muscle that extends the leg is 

the_. 

14. The large snperfieial ealf muscle that plantar flexes the 

foot is the 


Crìtìcal Thìnkìn^g 

1. Using what you have learned in ehapters 6 and 7, prediet what would happen if ealeinm ions were not sequestered in the 
sareoplasmie reticulum and were allowed to mingle with the high levels of Pi in the sareoplasm. 

2. Prediet the elinieal symptoms of a person with damage to the nerve that snpplies the trieeps braehii. How would the 
agonist-antagonist relationship be dismrbed? 

3. Can the origin and insertion of some mnseles be interehanged? Explain. 

4. As a eosmetie proeednre, Botox is injeeted in very small doses into speeifie faeial mnseles to reduce wrinkles. It is derived from 
a neurotoxin that prevents the release of ACh at the neuromuscular junction. Explain how Botox works. 
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GHAPTER 




Have you ever vvondered why you ean handle 
multiple tasks at onee? The answer is simple. 

You have a nervous system designed for rapid 
multitasking. Think about Bridgette and hertypieal 
commute to work. Bridgette is driving to work 
during the morning msh hour on Interstate 75 with 
her coworker Adam. The two are ehatting about 
an important meeting later in the day that will 
outline the next quarter’s objeetives, while Bridgette 
continuously traeks the ears in all three lanes and 
adjusts her speed to mateh the flow of traffie. 

She subconsciously eoordinates her use of turn 
signals, mirrors, and steering wheel to ehange lanes, 
while listening carefully to Adam’s thoughts on an 
interoffiee memo from the day before. Feeling a little 
bit tired, she begins to take a swig of her eoffee but 
notiees quite quickly that it is still too hot to drink. 

A few minutes later as Bridgette exits the highway, 
the two laugh hysterieally and begin to sing when an 
old song eomes on the radio. Glearly, the speed at 
which Bridgette’s brain proeesses information and 
eoordinates her body allows her morning commute 
to be productive, safe, and enjoyable. 
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SELEGTED KEY TERMS 


Autonomic nervons system 

(auto = self; nom = distribute) The 
portion of the nervons system 
that is involved in subconscious 
aetivities. 

Axon (ax = axis, eentral) A neu- 
ronal proeess that earries nerve 
impnlses away from the eell body. 
Gentral nervous system The 
portion of the nervons system eom- 
posed of the brain and spinal eord. 
Dendrite (dendr = tree) A nenronal 
proeess that earries impnlses toward 
the eell body or axon. 

Ganglion (gangli = a swelling) A 
group of eell bodies loeated external 
to the CNS. 


Myelin sheath (myel = marrow) 
An insnlating layer formed by 
nenroglia that surrounds an axon. 
Nerve A bundle of axons in the 
peripheral nervons system. 

Nerve impnlse An eleetroehemi- 
eal signal ereated by and eondneted 
along the axon of a neuron. 
Nenroglia Snpportive and protee- 
tive eells within the nervons system. 
Neuron A eell eapable of prodneing 
and transmitting a nerve impnlse. 
Peripheral nervons system 
(peri = around) Portion of the 
nervons system eomposed of 
eranial and spinal nerves, ganglia, 
and sensory reeeptors. 


Postsynaptie Pertaining to the 
eell that is aetivated by a signal at 
a synapse. 

Presynaptie Pertaining to the 
neuron that releases a signal at a 
synapse. 

Reflex An involnntary, rapid, and 
predietable response to a stimulus. 
Somatie nervons system The 
portion of the nervons system that 
is involved in eonseions aetivities. 
Synapse (syn = together) The 
jnnetion between an axon and 
another neuron or effeetor eell. 


THE NERVOLIS SYSTEM is the primary eoordinating and 
eontrolling system of the body. Most of the aetivities of 
the nervons system occur below the level of consciousness 
and serve to maintain homeostasis. To maintain homeo- 
stasis, the nervons system requires almost instantaneous 
communication with the body. To aehieve eommnniea- 
tion at this rate of speed, the nervons system uses nerve 
impulses that flow rapidly over and among nenrons and 
between nenrons and other body eells. 

The general fnnetions of the nervons system ean be 
snmmarized as: 

1. Deteetion of internal and external ehanges 

2. Analysis of the deteeted ehanges 

3. Organization of the information for immediate and 
future use 

4. Initiation of the appropriate aetions in response to 
the ehanges 

8.1 Divisions of the Nervoos 
System 

Learning Objeetive 

1. Identify the anatomieal and functional divisions of the 
nervous system and their eomponents. 

Althongh the nervons system fnnetions as a eoordinated 
whole, it is divided into anatomieal and fnnetional divisions 
as an aid in nnderstanding this complex organ system. 


Anatomieal Divisions 

The nervons system has two major anatomieal divisions. The 
eentral nervous system (CNS) eonsists of the brain and 
spinal eord. The CNS is the bodys neural integration een- 
ter. It reeeives ineoming information (nerve impnlses), ana- 
lyzes and organizes it, and initiates appropriate aetion. The 
peripheral nervous system (PNS) is loeated external to 
the CNS and eonsists of eranial and spinal nerves, ganglia, and 
sensory reeeptors. The PNS earries nerve impnlses formed 
by sensory reeeptors, such as pain and sound reeeptors, 
to the CNS. It also earries nerve impnlses from the CNS to 
effeetors, which are the mnseles, glands, and adipose tissue. 

Functional Divisions 

Similarly, the nervous system is divided into two major 
fnnetional divisions. The sensory dìvìsìon earries nerve 
impnlses from sensory reeeptors to the CNS. Somatie 
sensory information is eolleeted by sensory reeeptors 
within the skin, skeletal mnseles, bones, and joints. Viseeral 
sensory information is eolleeted by sensory reeeptors in the 
viseera in the ventral eavity, in the walls of blood vessels, 
and within the CNS. The motor division earries nerve 
impnlses from the CNS to effeetors, which perform an 
aetion. The motor division is fnrther divided into two sub- 
divisions. The somatie nervons system (SNS) is involved 
in the volamary (eonseions) eontrol of skeletal mnseles. The 
antonomie nervons system (ANS) provides involamary 
(subconscious) eontrol of eardiae muscle, smooth muscle, 
adipose tissue, and glands (figure 8.1). 
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Figure 8.1 Components of the Nervons System. 

(a) Anatomieally, the nervous system eonsists of the eentral nervous system (brain and spinal eord) and the peripheral 
nervous system (eranial and spinal nerves, ganglia, sensory reeeptors). (b) Functionally, the peripheral nervous system 
eonsists of the sensory division and the motor division, vvhieh is divided into the somatie nervous system and the 
autonomic nervous system. 


8.2 Nervous Tissue 

Learning Objeetives 

2. Deseribe the structure of a neuron. 

3. Gompare the three structural types of neurons. 

4. Gompare the three functional types of neurons. 

5. Explain the functions of the five types of neuroglia. 

The nervous system eonsists of organs eomposed primar- 
ily of nervous tissue supported and proteeted by eon- 
neetive tissnes. As deseribed in ehapter 4, there are two 
types of eells that eompose nervons tissue: neurons and 
nenroglia. 

Neurons 

Neurons (mi'-rahns), or nerve eells, are the structural and 
hmetional units of the nervons system. They are delieate 
eells that are speeialized to generate and transmit nerve 
impnlses. Nenrons may vary in size and shape but they 
have many eommon featnres. 


As shown in fignres 8.2 throngh 8.4, the eell body 
is the portion of a neuron that eontains the large, spherieal 
nucleus. The eell body also eontains the usual eytoplas- 
mie organelles. Two types of nenronal proeesses extend 
from the eell body: dendrites and axons. A neuron may 
have many dendrites but it has only one axon. 

Dendrites (den'-drits) are usually short, highly- 
branehed, tapering proeesses that reeeive impnlses (eleetro- 
ehemieal signals) from other nenrons and sensory reeeptors. 
Dendrites earry impnlses toward the eell body or axon. 

An axon (ak'-sahn), or nerve fiber, is a long, thin pro- 
eess of a neuron. It may have one or more side branehes, 
ealled axon eollaterals. It also forms a number of short, 
fine branehes, the terminal arborization, at its distal 
tip. The slightly enlarged tips of the terminal arboriza- 
tion are the terminal boutons, which form jnnetions 
(synapses) with other nenrons, mnseles, adipose tissue, or 
glands. An axon earries nerve impnlses away from the eell 
body or dendrites. 

Some axons are enelosed in an insnlating myelin 
sheath formed by speeial nenroglia. Such axons are referred 
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Figure 8.2 Neuron Anatomy. 

The eell body eontains the nucleus. One or more dendrites 
and a single axon are extensions from the eell body. 
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Figure 8.3 Neurons are the structural and functional 
units of the nervous system (50x). The dark spots in the 
area surrounding the neuron are nuclei of neuroglia. 
Note the loeation of the dendrites and axon. 


to as myelinated axons. The myelin sheath inereases the 
speed of nerve impnlse transmission. The tiny spaees 
beween adjaeent myelin-forming eells, where the axon 
is exposed, are known as myelin sheath gaps (or nodes 
of Ranvier). Axons laeking a myelin sheath are referred to 
as anmyelinated axons and have a much slower speed of 
nerve impulse transmission. 

Types of Neurons 

Nenrons may be elassified aeeording to their anatomy or 
their hmetion. Strnemrally, there are three basie types 
of nenrons: mnltipolar, bipolar, and nnipolar nenrons 
(figure 8.4). 

Maltipolar nearons have several dendrites and a 
single axon extending from the eell body. Most of the 
nenrons whose eell bodies are loeated in the brain and 
spinal eord are mnltipolar nenrons. 

Bipolar nenrons have only two proeesses: a den- 
drite and an axon extending from opposite ends of the 
eell body. Bipolar nenrons occur in the sensory portions 
of the eyes, ears, and nose. 

IJnipolar nenrons have a single proeess extend- 
ing from the eell body. This proeess quickly divides into 
two branehes extending in opposite direetions, with both 


branehes fnnetioning as a single axon. One end of the 
axon ends in a terminal arborization, while the other ends 
in dendrites. IJnipolar nenrons earry nerve impnlses from 
sensory reeeptors to the CNS. Clusters of eell bodies of 
unipolar nenrons often form ganglìa (singnlar, yanylion), 
which are loeated in the PNS. 

Fnnetionally, there are three basie types of nenrons: 
sensory nenrons, internenrons, and motor nenrons. 

Sensory nenrons earry nerve impnlses from the 
peripheral parts of the body to the CNS. Their dendrites 
are assoeiated with sensory reeeptors or are speeialized to 
deteet ehanges direetly. Nerve impnlses are earried over 
an axon within eranial or spinal nerves to the CNS. Cell 
bodies of sensory nenrons are loeated external to the CNS 
in ganglia. Structurally, most sensory nenrons are unipo- 
lar nenrons, althongh bipolar nenrons are found in speeial 
sense organs. 

Interneurons are loeated entirely within the CNS 
and synapse with other nenrons. They are responsible 
for the proeessing and interpretation of nerve impnlses 
by the CNS. Internenrons reeeive nerve impnlses from 
sensory nenrons and transmit them from plaee to plaee 
within the CNS. They also aetivate motor nenrons, which 
resnlts in a stimnlation of effeetors. Internenrons are mul- 
tipolar neurons. 
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Figure 8.4 Structural Types of Neurons. 


Motor neurons earry nerve impnlses from the CNS 
to effeetors to prodnee an aetion. Their eell bodies and 
dendrites are loeated within the CNS, while their axons 
are loeated in eranial and spinal nerves. Motor nenrons 
are mnltipolar nenrons (table 8.1). 

Neoroglia 

The nenroglia (nu-rog'-lè-ah) provide support and pro- 
teetion for nenrons. One type of neuroglia-Schwann 
cells-occurs in the PNS. Four types of neuroglia occur in 
the CNS, where they are even more numerous than neu- 
rons (fignres 8.5 and 8.6). 

Schwann eells form the myelin sheath around 
PNS myelinated axons. They wrap tightly around an 
axon many times so that the nucleus and most of the 


eytoplasm beeome squeezed into the snperifieial layer. 
The deep layers, formed by layers of plasma membrane, 
eonstimte the myelin sheath. The most snperfieial layer 
forms the nearilemma, which is essential for axon 
regeneration after injury. 

Oligodendroeytes (òl-i-gò-den'-drò-sitz) form the 
myelin sheath of myelinated axons within the CNS but 
they do not form a nenrilemma. Laek of a nenrilemma 
is one faetor that eontribntes to the inability of axons 
within the brain and spinal eord to regenerate after 
in j ury. 

Astroeytes (as'-trò-sitz) are the primary supporting 
eells for nenrons in the CNS. They stimnlate the growth 
of nenrons and inflnenee synaptie transmission. Astro- 
eytes also join with the epithelinm of blood vessels to 
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Table 8.1 Functional Types of Neurons 


Type 

Structure 

Function 

Sensory neurons 

lnterneurons 

Motor neurons 

Mostly unipolar, some bipolar 

Multipolar 

Multipolar 

Carry nerve impulses from peripheral sensory reeeptors to the CNS 

Carry nerve impulses betvveen neurons vvithin the CNS 

Carry nerve impulses from the CNS to effeetors (muscles, glands, 
and adipose tissue) 


Niinlpii.eí 



Figure 8.5 The portion of a Sehvvann eell that vvinds tightly around an axon forms a myelin sheath, vvhile the eytoplasm 
and nucleus of the Sehvvann eell remaining on the surface form the neurilemma. 


form the blood-brain barrier, v\^hich proteets nenrons by 
tightly regnlating the exchange of materials beween the 
blood and nenrons. 

Mieroglial eells are seattered thronghont the 
CNS, where they keep the tissnes elean by engnlfing and 
digesting eellnlar debris and pathogens. 

Ependymal (e-pen-di '-mal) eells form the epithelial- 
like lining of eavities in the brain and spinal eord and aid 
in the prodnetion of eerebrospinal flnid, a unique fluid 
within the CNS that will be disenssed later. 



eheek 



Understandinq 


1. What are the general fnnetions of the nervons 
system? 

2. What are the structural and fnnetional types of 
nenrons? 

3. What are the roles of the five types of nenroglia? 


8.3 Neuron Physiology 

Learning Objeetives 

6. Explaln the formatlon and conductlon of a nerve 
lmpulse. 

7. Deserlbe how nerve lmpulses are transmltted aeross 
a synapse. 

Nenrons have two unique fìanetional eharaeteristies: 
irritability and eondnetivity. Irritability is the ability 
to respond to a stimulus by forming a nerve impnlse. 
Conductivity is the ability to transmit a nerve impnlse 
along an axon to other nenrons or effeetor eells. These ehar- 
aeteristies enable the fnnetioning of the nervons system. 

Membrane Potential 

Most body eell plasma membranes are polarized, meaning 
there is an eleetrieal eharge differenee aeross the plasma 
membrane. This differenee ereates a voltage that is ealled 
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Gapillary 


Figure 8.6 Types of Neuroglia in the Gentral Nervous System. 


a membrane potential. In nenrons and other eells with 
irritability that are inaetive, this voltage is ealled a resting 
membrane potential (RMP). In nenrons, the RMP is 

maintained at an average aronnd — 70mV. The reason for the 
differenee in eleetrieal eharge is the unequal distribution of 
ions and proteins on either side of the plasma membrane 
(figure 8.7). In a resting neuron, sodium (Na^) and ehloride 
(CI“) ion eoneentrations are high in the ECF and Iow in the 
eytosol, whereas potassinm (K"^) ions have the opposite dis- 
tribntion. There are also large, negatively eharged proteins 
and ions, such as phosphates (PO^^") and snlfates (SO^^"), in 
the eytosol that eannot eross the plasma membranes. These 
differenees polarize the plasma membrane, meaning there 
are a net excess of positive eharges on the ECF-side and 
a net excess of negative eharges on the eytosol-side. The 
negative RMP indieates that the eytosol-side of the plasma 
membrane is more negative than the ECF-side. 


To establish and maintain the RMP, nenrons must 
be able to eompensate for the diffhsion of Na^ and 
along their eoneentration gradients. The plasma membrane 
is more permeable to K^, but both ions exhibit move- 
ment that is eapable of disrnpting the RMP. The Na^/K^ 
pump is a earrier protein that uses ATP to move Na“^ and 
K^ against their eoneentration gradient (see ehapter 3). This 
earrier is continuousIy aetive to establish and maintain the 
RMP and to restore it after nerve impnlse formation. 

Nerve Impelse Formalion 

When stimnlated, axons exhibit an all-or-none response. They 
either form a nerve impnlse that will travel along the axon 
or do not respond. The weakest stimulus that will aetivate 
a neuron to prodnee a nerve impnlse is ealled a threshold 
stimalas. Nerve impnlses do not vary in their degree of eleetri- 
eal ehange, meaning every nerve impnlse is identieal. 
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Figure 8.7 Resting Membrane Potential. 

At rest, Na^ and Cr ions are in high eoneentration 
in the ECF and K+ ions are in high eoneentration 
in the eytosol. The plasma membrane possesses 
a net + eharge on its ECF-side and a net - eharge 
on its eytosol-side. The resulting voltage aeross the 
plasma membrane is —70mV. The Na^/K+ pump 
eompensates for ion diffusion by moving 3 Na^ from 
the eytosol baek into the ECF and 2 K+ from the ECF 
baek into the eytosol. 


When a nenron is aetivated by a threshold stimn- 
lus, its plasma membrane beeomes permeable to Na“^ as 
Na^ ehannels open, v^hieh allov^s these ions to quickly 
difhise into the neuron. The inv^ard flow of Na“^ for a 
brief instant causes the eytosol along the inside of the 
plasma membrane to beeome positively eharged (an 
excess of positive eharges) and the ECF along the out- 
side to beeome negatively eharged (an excess of negative 
eharges) at the point of stimnlation. The membrane 
potential ehanges to +30mV as a result of these ehanges. 
This switch in polarity is ealled depolarization and the 
plasma membrane is now referred to as depolarized. This 
sudden depolarization is the nerve impnlse, or aetìon 
potential (figure 8.8ò). The wave of depolarization then 
flows along the axon. You will see how this happens 
momentarily. 

Repolarization 

Immediately after depolarization, ehannels open and 
Na^ ehannels elose, allowing to diffnse into the ECF in 
order to repolarize or reestablish the RMP. The loss of K“^ 
to the ECF ereates an excess of positive eharges along the 
ECF-side of the plasma membrane and an excess of negative 
eharges along the eytosol-side. As a result, the membrane 
voltage ehanges from +30mV to —70mV (figure 8.8c). 
As deseribed in the previons seetion, the Na^/K“^ pump 
then reestablishes the resting-state distribntion of ions 
(figure 8.8d). When this is aeeomplished, the neuron is 
ready to respond to another stimulus. Depolarization and 
repolarization are aeeomplished in about 1 milliseeond. 

Nerve Impelse Conduction 

When a nerve impnlse is formed at one point in an axon, 
it triggers the depolarization of adjaeent portions of the 
plasma membrane, which, in turn, depolarizes still other 
regions of the plasma membrane. The result is a wave of 
depolarization that eondnets a nerve impnlse along the 
axon. Repolarization immediately follows a nerve impnlse. 

Conduction of nerve impnlses is more rapid in 
myelinated axons than in nnmyelinated axons. Reeall that 
a myelinated axon is exposed only at myelin sheath gaps. 
Beeanse of this, a nerve impnlse jumps from gap to gap 
and does not have to depolarize the intervening segments 
of the axon (figure 8.9). 

Synaptie Transmission 

A synapse (sin'-aps) is a jnnetion of an axon with either 
another neuron or an effeetor eell. At a synapse, the ter- 
minal bouton of the presynaptie neuron fits into a small 
depression on the postsynaptie nenron's dendrite or eell 
body or on a eell within a muscle, a gland, or adipose tis- 
sue. There is a tiny spaee, the synaptie eleft, between 
the presynaptie and postsynaptie structures, so they are 
not in physieal eontaet (figure 8.10). 
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Figure 8.8 Depolarization and Repolarization of a Neuron. 

(a) Neuron at rest. Both Na^ and K+ ehannels are elosed. (b) Na^ ehannels open and Na^ flovvs into the neuron 
depolarizing the plasma membrane to +30mV. (e) Na^ ehannels elose. K+ ehannels open and K^ flovvs out of the 
neuron repolarizing the plasma membrane to —70mV. (d) K+ ehannels elose and Na+/K+ pumps reestablish resting 
ion distribution. 


In neuron-to-neuron synaptie transmission, when a 
nerve impnlse reaehes the terminal bouton of the pre- 
synaptie neuron, it causes the terminal bouton to seerete 
neurotransmitters into the synaptie eleft. Then, the 
nenrotransmitters bind to reeeptors on the postsynaptie 
nenron's plasma membrane, which triggers a response in 
the postsynaptie neuron. Some nenrotransmitters stim- 
ulate formation of a nerve impnlse in the postsynaptie 
neuron, while others inhibit nerve impnlse formation. If 
a nerve impnlse is formed in the postsynaptie neuron, it 


is earried along the nenron's axon to the next synapse 
where synaptie transmission takes plaee again. 

Beeanse only terminal bontons ean release neuro- 
transmitters, nerve impnlses ean pass in only one diree- 
tion aeross a synapse-from the presynaptie neuron to the 
postsynaptie neuron. Thus, nerve impnlses always pass in 
the 'VorreeT' direetion, which maintains order in the ner- 
vous system. 

Some neurotransmitters are reabsorbed into the ter- 
minal bouton for reuse. Others difhise out of the synaptie 
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Figure 8.9 Movement of sodium ions during (a) nerve 
impulse formation (depolarization), and (b) and (c) nerve 
impulse conduction. Note that repolarization immediately 
follovvs depolarization. 


eleft or are deeomposed by enzymes released into the 
synaptie eleft. Some of the deeomposition prodnets are 
then reabsorbed into the bonton for rense, while others 
diffnse away from the synaptie eleft. Quick removal of a 
neurotransmitter prevents continuous stimulation or inhi- 
bition of the postsynaptie neuron (or eell) and prepares 
the synapse for another transmission. From start to finish, 
synaptie transmission takes only a fraetion of a seeond. 

Neurotransiiiitters 

Nenrotransmitters enable nenrons to eommnnieate with 
eaeh other as well as with other eells throughout the 
body. Seientifie researeh has identified over 100 neu- 
rotransmitters at work within the human nervons system 
and most likely more will be diseovered in the future. 
When released, nenrotransmitters ereate either excitatory 
or inhibitory effeets on the postsynaptie eell. Excitatory 
nearotransmitters cause the formation of an impnlse in the 
postsynaptie eell, which in turn promotes eell hmetion. 
Inhibitory nearotransmitters inhibit the formation of an 
impnlse in the postsynaptie eell, resnlting in an inhibition 
of eell fnnetion. What makes the smdy of nenrotrans- 
mitters intrigning is the faet that one nenrotransmitter 
ean ereate both excitatory and inhibitory effeets depend- 
ing upon the postsynaptie eell reeeiving the signal. For 
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Figure 8.10 Synaptie Transmission from Neuron to Neuron. 

(o) A terminal bouton of the presynaptie neuron fits into a depression on a dendrite or the eell body of the 
postsynaptie neuron. When a nerve impulse reaehes the terminal bouton, a neurotransmitter is released into the 
synaptie eleft. (b) The neurotransmitter binds with reeeptors on the plasma membrane of the postsynaptie neuron, 
causing depolarization of the membrane. 
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example, aeetyleholine aets as an excitatory nenrotrans- 
mitter in skeletal mnsele by promoting eontraetion of 
skeletal mnsele fibers (see Ghapter 7). However, aeetyl- 
eholine aets as an inhibitory nenrotransmitter in eardiae 
mnsele by inhibiting eontraetion of eardiae mnsele eells, 
resnlting in a deerease in heart rate (see Ghapter 12). 

The eell body and dendrites of a postsynaptie neu- 
ron synapse with hundreds of presynaptie nenrons. Some 
of the nenrotransmitters released in these synapses exert 
excitatory effeets, while some exert inhibitory effeets. 
Whether or not a nerve impnlse is formed in the post- 
synaptie neuron depends upon whether the excitatory or 
inhibitory effeets are dominating at that time. 



eheek 



Dnderstandina 



4. How are nerve impnlses formed and eondneted? 

5. What is the meehanism of synaptie transmission? 




Inhibitory and stimulatory drugs aet by affeeting 
synaptie transmission. Some tranquìlìzers and anes- 
thetìes inhibit synaptie transmission by inereasing 
the threshold of postsynaptie neurons. Nieotine, eaf- 
feine, and benzedrine promote synaptie transmis- 
sion by deereasing the threshold of postsynaptie 
neurons. 

V_ J 


8.4 Proteetion for the Gentral 
Nervous System 

Learning Objeetive 

8. Deseribe how the brain and spinal eord are 
proteeted from injury. 

Both the brain and the spinal eord are soft, delieate organs 
that would be easily damaged without adequate protee- 
tion. Surrounding bones and fibrons membranes provide 
both proteetion and snpport. The brain oeenpies the era- 
nial eavity formed by the eranial bones, and the spinal 
eord lies within the vertebral eanal formed by the verte- 
brae. Three membranes are loeated between the CNS and 
the surrounding bones. These membranes are eolleetively 
ealled the meninges. 

Meninges 

The meninges (me-nin'-jés; singnlar meninx) eonsist of 
three membranes arranged in layers. From deepest to 
most snperfieial they are the pia mater, araehnoid mater, 
and dura mater (figures 8.11 and 8.12). 

The pia mater (pee-uh mah-ter; 'Tender mothehO 
is the very thin, deepest membrane. It tightly envelops 
both the brain and the spinal eord and penetrates into 
eaeh groove and depression. It eontains many blood ves- 
sels that nonrish the nnderlying brain and spinal eord. 

The araehnoid (ah-rak'-noyd) mater O'spider mothehO 
is the middle membrane. It is a thin, weblike membrane 
without blood vessels that does not penetrate into the small 
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Figure 8.11 (o) Membranes ealled meninges enelose the brain and spinal eord. (b) The meninges inelode three layers: 
dura mater, araehnoid mater, and pia mater. 15^1^ 
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Figure 8.12 Meninges and Spinal Cord. 

(o) The meninges support and proteet the spinal eord. (ò) Adipose tissue fìlls the epidural spaee, providing a proteetive 
cushion. 


depressions as does the pia mater. Betvveen the pia mater 
and the araehnoid mater is the sabaraehnoid spaee, which 
eontains eerebrospinal flnid. This elear, watery liquid serves as 
a shoek absorber around the brain and spinal eord. 

The dura (du'-rah) mater CTough mother'O is the 
tough, fibrous most superficial layer. In the eranial eav- 
ity, it is attaehed to the internal snrfaees of the eranial 
bones and penetrates into fissares between some parts of 
the brain. A fissnre is a deep, wide groove that separates 
brain regions. In the vertebral eanal, the dura mater forms 
a proteetive mbe that extends to the saernm. It does not 
attaeh to the bony snrfaees of the vertebral eanal but is 
separated from the bone by an epidaral spaee. Adipose tis- 
sue fills the epidural spaee and serves as an additional 
proteetive enshion. Physieal trauma ean cause tearing of 
blood vessels extending between the dura and araehnoid 
maters. The pooling of blood between the two meninges, 
which is ealled a sabdaral hematoma, ereates an artifieial 
spaee ealled the sabdaral spaee. 

8.5 Brain 

Learning Objeetives 

9. Deseribe the major parts of the brain in terms of 
structure, loeation, and function. 

10. Identify the functions of the lobes of the cerebrum. 

11. Deseribe the formation, circulation, absorption, and 
functions of eerebrospinal fluid. 


The brain is a large, exceedingly complex organ. It eon- 
tains about 100 billion nenrons and innnmerable nenronal 
proeesses and synapses. The brain eonsists of four major 
eomponents: the eerebrnm, eerebellnm, dieneephalon, 
and brainstem. Loeate these strnemres in figure 8.13. 

Cerebrum 

The eerebmm is the largest portion of the brain. It per- 
forms the higher brain fnnetions involved with sensa- 
tions, volnntary aetions, reasoning, planning, and problem 
solving. 

Structure 

The eerebmm eonsists of the left and right eerebral 
hemispheres, which are joined by a mass of myelinated 
axons ealled the corpus callosum. The eerebral hemi- 
spheres are separated by the longìtudìnal eerebral 
fissnre, which lies along the snperior midline and 
extends inferiorly to the corpus callosum. 

The surface of the cerebrum has numerous folds 
or ridges, ealled gyri (ji '-ré; singular, gyrus). The shallow 
grooves between the gyri are ealled snlei (sul'-sé; singular, 
sulcus). The superficial layer of the cerebrum is eomposed 
of grag matter (eell bodies, dendrites, terminal arboriza- 
tions, and nnmyelinated axons) and is ealled the eerebral 
cortex. White matter, eomposed of myelinated and unmy- 
elinated axons, lies deep to the cortex and eomposes most 
of the eerebmm. These axons transmit nerve impnlses 
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Figure 8.13 The major eomponents of the brain as shovvn in a median seetion. Note the unlabeled gyri and sulci of 
the cerebrum. 


between regions within the same eerebral hemisphere, 
between the eerebral hemispheres via the eorpns eallo- 
sum, and between the eerebral cortex and lower brain 
eenters. Several masses of gray matter, ealled nuclei, are 
embedded deep within the white matter of eaeh eerebral 
hemisphere. 

Eaeh eerebral hemisphere is divided into five lobes. 
Four lobes are named for the eranial bones under which 
they lie. Loeate the eerebral lobes in fignres 8.13 and 8.14. 

1. The frontal lobe lies anterior to the eemral saleas 
and snperior to the lateral snlens. 

2. The parietal lobe lies posterior to the eentral 
sulcus, superior to the temporal lobe, and anterior 
to the oeeipital lobe. 

3. The temporal lobe lies inferior to the frontal and 
parietal lobes and anterior to the oeeipital lobe. 

4. The oeeipital lobe lies posterior to the parietal 
and temporal lobes. The bonndaries between the 
parietal, temporal, and oeeipital lobes are not 
distinet. 

5. The insnla lies deep to the lateral sulcus. It is the 
lobe that eannot be viewed snperfieially. 

Functions 

The eerebrnm is involved in the interpretation of sensory 
nerve impnlses as sensations and in eontrolling volun- 
tary motor responses, intelleemal proeesses, the will, and 


many personality traits. The eerebrnm has three major 
types of fnnetional areas: sensory, motor, and assoeiation 
areas (figure 8.14). 

Sensory areas reeeive nerve impnlses formed by 
sensory reeeptors and interpret them as sensations. These 
areas occur in several eerebral lobes. For example, the sen- 
sory areas for vision are in the oeeipital lobes and those for 
hearing are found in the temporal lobes. Areas identifying 
sensations from skin (cutaneous) stimulation lie along the 
posteentral gyri (gyri just posterior to the eentral sulci) of 
the parietal lobes. Sensory areas for taste are loeated at the 
inferior end of the posteentral gyri. The sensory areas for 
smell are loeated in the inferior part of the frontal lobe 
and the medial aspeet of the temporal lobe. 

Aseending sensory axons earrying sensations from 
the skin eross over from one side to the other prior to 
reaehing the thalamns. Thus, the posteentral gyrus in the 
left eerebral hemisphere reeeives nerve impnlses from the 
skin on the right side of the body, and viee versa. 

Motor areas are loeated in the frontal lobe. The 
primarg motor areas that eontrol skeletal mnseles lie along 
the preeentral ggri (gyri just anterior to the eentral sulci) 
of the frontal lobes. The region anterior to the primary 
motor area is the premotor area. 

The premotor area is involved in complex learned 
aetivities, such as writing, tying your shoes, and driving a ear. 
Also in the premotor area is the frontal ege field, which eon- 
trols volnntary eye movements. The motor speeeh area (Broea 
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Figure 8.14 A lateral view of the left brain showing the eerebral lobes and their functional areas. 


area\ which eontrols the ability to speak, is loeated near the 
inferior end of the primary motor area. It is fonnd in only 
one hemisphere: the left hemisphere in abont 90% of people. 

Deseending motor axons eross over from one side 
to the other in the brainstem. Thus, the left side of the 
cerebrum eontrols skeletal mnseles on the right side of 
the body, and viee versa. 

Assoeiation areas occur in eaeh eerebral lobe, 
where they interrelate sensory inputs and motor out- 
puts. They play eritieal roles in the interrelationships 
of sensations, memory, will, and the eoordination of 
motor responses. The eommon imegrative area is a major 




niea 


nsiqh 


The transmission of nerve impulses by neurons in 
the brain produces eleetrieal potentials that ean be 
deteeted and reeorded as brain waves. A reeord- 
ing of brain waves is ealled an eleetroeneephalo- 
gram (EEG). The patterns of brain waves are used 
in the diagnosis of eertain brain disorders. The ees- 
sation of brain wave production is one eriterion of 
brain death. 


assoeiation area that is loeated at the jnnetion of the 
temporal, parietal, and oeeipital lobes. It is involved with 
the interpretation of complex sensory experiences and 
thonght proeesses. The posterior langaage area (Wernicke 
area), which is an assoeiation area loeated in the tempo- 
ral and parietal lobes, is used to interpret the meaning of 
spoken and written langnage. Like the motor speeeh area, 
it is found in only one hemisphere: the left hemisphere in 
about 90% of people. 

The prefrontal area, which is loeated in the anterior 
portion of the frontal lobe, is involved with hmetions 
such as planning, complex behaviors, eonseienee, gen- 
erating personality, and executive hmetions. Execu- 
tive hmetions inelnde distingnishing between good 
and bad, nnderstanding future consequences, soeial 
eontrol of urges, and working towards a goal. Portions 
of the prefrontal area are not hilly developed until 
a person is in his or her 20s, which is why teenagers 
often have issues with impulse eontrol and poor 
deeision-making. 

Hemisphere Speeialization 

The two eerebral hemispheres perform different hmetions 
in most people, althongh eaeh performs basie hmetions 
of reeeiving sensory input and initiating volnntary motor 
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output. In about 90% of the population, the left eerebral 
hemisphere eontrols analytieal and verbal skills, such as 
mathematies, reading, writing, and speeeh. In these per- 
sons, the right hemisphere eontrols mnsieal, artistie and 
spatial awareness, imagination, and insight. In some per- 
sons, this pattern is reversed; in a few, there seems to 
be no speeialization. Men also have greater lateralization 
than women, which is why damage to a hemisphere ean 
have greater effeets in men. 

Dieneephalon 

The dieneephalon (di-en-sef'-a-lon) is a small but impor- 
tant part of the brain. It lies between the brainstem and 
the eerebrnm of the brain and eonsists of three major 
eomponents: the thalamns, hypothalamns, and epithala- 
mus (see figure 8.13). 

Thalamus 

The thalamns (thar-ah-mus) eonsists of two lateral masses 
of nervons tissue that are joined by a narrow isthmns of 
nervons tissue ealled the interthalamie adhesion. Sensory 
nerve impnlses (except those for smell) eoming from 
lower regions of the brain and the spinal eord are first 
reeeived by the thalamns before being relayed to the eere- 
bral cortex. The thalamns provides a general but nonspe- 
eifie awareness of sensations such as pain, pressnre, touch, 
and temperamre. It seems to assoeiate sensations with 
emotions but it is the eerebral cortex that interprets the 
preeise sensation. The thalamns also serves as a relay sta- 
tion for eommnnieation between motor areas of the brain. 

Hypothalamas 

The hypothalamus (hi -pò -thal'-ah-mus) is loeated inferior 
to the thalamns and anterior to the midbrain. It eommnni- 
eates with the thalamns, eerebrnm, and other parts of the 
brain. The hypothalamns is the major integration eenter for 
the antonomie nervons system. In this role, it eontrols vir- 
mally all internal organs. The hypothalamns also is the eon- 
neeting link between the brain and the endoerine system, 
which prodnees ehemieals (hormones) that affeet most eells 
in the body. This link resnlts from hypothalamie eontrol 
of the hypophysis, or pimitary gland, which is snspended 
from its inferior snrfaee. Althongh it is small, the hypothala- 
mus exerts a tremendous impaet on body fnnetions. 

The primary fnnetion of the hypothalamns is the 
maintenanee of homeostasis, and this is aeeomplished 
throngh its regnlation of 

body temperatnre; 

• mineral and water balanee; 

• appetite and digestive proeesses; 
heart rate and blood pressnre; 
sleep and wakefulness; 
emotions; and 

seeretion of hormones by the pimitary gland. 


Epithalamus 

The epìthalamus (ep-i-thal'-ah-mus; epi = above) is a 
small mass of tissue loeated superior and posterior to the 
thalamns forming part of the roof of the third ventriele. 
The major stmemre within the epithalamns is the pineal 
gland. The pineal gland is stimnlated to prodnee a hor- 
mone ealled melatonin when snnlight levels beeome low 
during the evening and overnight hours. This hormone 
indnees sleepiness to initiate the night eomponent of a 
person's day-night eyele and may assist in regnlating the 
onset of pnberty. This hormone will be disenssed fnrther 
in ehapter 10. 

Limbie System 

The thalamns and hypothalamns are assoeiated with parts 
of the eerebral cortex and nuclei deep within the eere- 
bmm to form a complex known as the limbie system. 
The limbie system is involved in memory and in emo- 
tions such as sadness, happiness, anger, and fear. It seems 
to regnlate emotional behavior, espeeially behavior that 
enhanees snrvival. Mood disorders, such as depression, are 
usually a result of malhmetions of the limbie system. It 
also is referred to as the "'motivational system'' beeanse it 
provides our desire to earry out the eommands ereated by 
the eerebmm. 



eheek 



LJnderstanding 



6. How is the CNS proteeted from meehanieal 
injnries? 

7. What are roles of the fnnetional areas of the 
eerebmm? 

8. What are the fnnetions of the thalamns, 
hypothalamns, and epithalamns? 

V___ J 


Brainstem 

The brainstem is the stalklike portion of the brain that 
joins higher brain eenters to the spinal eord. It eontains sev- 
eral nuclei that are surrounded by white matter. Aseend- 
ing (sensory) and deseending (motor) axons between 
higher brain eenters and the spinal eord pass throngh the 
brainstem. The eomponents of the brainstem inelnde the 
midbrain, pons, and mednlla oblongata (see figure 8.13). 

Midbrain 

The midbrain is the most superior portion of the brain- 
stem. It is loeated posterior to the hypothalamns and 
snperior to the pons. It eontains reflex eenters for head, 
eye, and body movements in response to visual and audi- 
tory stimuli. For example, reflexively mrning the head to 
enable better vision or better hearing is aetivated by the 
midbrain. 
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Pons 

The pons lies between the midbrain and the mednlla 
oblongata and is reeognizable by its bnlblike anterior por- 
tion. It eonsists primarily of axons. Longimdinal axons 
eonneet lower and higher brain eenters, and transverse 
axons eonneet with the eerebellnm. The pons also works 
with the mednlla oblongata by eontrolling the rate and 
depth of breathing (see ehapter 14). 

Medulla Oblongata 

The medulla oblongata (me-dul'-ah ob-lon-ga'-ta) is the 
most inferior portion of the brain, and it is the eonneet- 
ing link with the spinal eord. Deseending (motor) axons 
extending between the brain and the spinal eord eross 
over to the opposite side of the brain within the medulla 
oblongata. The mednlla oblongata eontains three integra- 
tion eenters that are vital for homeostasis: 

1. The respiratory rhythmieity eenter eontrols 
the basie rhythm of breathing by triggering eaeh 
eyele of inhale and exhale. It is also involved in 
assoeiated reflexes such as coughing and sneezing. 

2. The eardiae eontrol eenter regnlates the rate and 
foree of heart eontraetions. 

3. The vasomotor eenter regnlates blood pressnre 
and blood flow by eontrolling the diameter of 
blood vessels. 


Reticular Formatien 

The reticular (re-tik'-u-lar) formation is a network of 
axons and small nuclei of gray matter that extends from 
the snperior spinal eord, throngh the brainstem, into 
the dieneephalon. This network generates and trans- 
mits nerve impnlses that arouse the cerebrum to wake- 
hilness. A deerease in aetivity resnlts in sleep. Damage 
to the retienlar formation may cause unconsciousness 
or a eoma. 

Cerebellum 

The eerebellnm (ser-e-bel'-um) is the seeond largest por- 
tion of the brain. The transverse eerebral fissnre sepa- 
rates it snperiorly from the oeeipital and temporal lobes 
of the eerebrnm. It is also positioned posterior to the pons 
and mednlla oblongata. It is divided into two lateral hemi- 
spheres by a medial eonstrietion, the vermis (ver'-mis). 
Gray matter forms a thin snperfieial layer eovering the 
deep white matter, which forms most of the eerebellnm 
(see figure 8.13). 

The cerebellum is a reflex eenter that eontrols and 
eoordinates the interaetion of skeletal mnseles. It eontrols 
posmre, balanee, and muscle eoordination during move- 
ment. Damage to the eerebellnm may result in a loss of 
equilibrium, muscle eoordination, and muscle tone. 

Table 8.2 snmmarizes the major brain fnnetions. 


Table 8.2 Summary of Brain Functions 

Part Function 


Cerebrum 


Dieneephalon 

Thalamys 

Hypothalamus 


Epithalamus 

Braìnstem 

Midbrain 


Pons 

Medulla oblongata 


Cerebellum 


Sensory areas interpret nerve impulses as sensations. Motor areas eontrol voluntary skeletal muscle 
aetions. Assoeiation areas interrelate various sensory and motor areas and are involved in intellectual 
proeesses, vvill, memory, emotions, and personality traits. The limbie system is involved vvith motivation 
and vvith emotions as they relate to survival behavior. 


Reeeives and relays sensory nerve impulses (except smell) to the cerebrum and motor nerve impulses 
to lovver brain eenters. Provides a general avvareness of pain, touch, pressure, and temperature. 

Serves as the major integration eenter the autonomic nervous system. Gontrols vvater and mineral 
balanee, heart rate and blood pressure, appetite and digestive aetivity, body temperature, and sexual 
response. Is involved in sleep and vvakefulness and in emotions of anger and fear. Regulates functions 
of the pituitary gland. 

Production ofthe hormone melatonin 


Relays sensory nerve impulses from the spinal eord to the thalamus and motor nerve impulses from the 
cerebrum to the spinal eord. Gontains reflex eenters that move the eyeballs, head, and neek in response 
to visual and auditory stimuli. 

Relays nerve impulses betvveen the midbrain and the medulla oblongata and betvveen the eerebellar 
hemispheres. Helps medulla oblongata eontrol breathing. 

Relays nerve impulses betvveen the brain and spinal eord. Reflex eenters eontrol heart rate and 
eontraetion foree, blood vessel diameter, breathing, svvallovving, vomiting, coughing, sneezing, and 
hiccupping. Motor axons eross over to the opposite side. 

Gontrols posture, balanee, and the eoordination of skeletal muscle eontraetions. 
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eheek 



IJnderstanding 


9. What are the functions of the mednlla oblongata? 
10. Hov\t is the eerebellnm involved in skeletal mus- 
ele eontraetions? 


Yentrieles and Cerebrospinal Fluid 

There are four intereonneeting ventrieles, or eavities, 
within the brain. Eaeh ventriele is lined by ependymal 
eells and is filled with eerebrospinal flnid (CSF). The 
largest ventrieles are the two lateral ventrieles (first and 


seeond ventrieles), which are loeated within the eere- 
bral hemispheres. The third ventriele is a narrow spaee 
that lies on the midline between the lateral masses of 
the thalamus and superior to the hypothalamus. The 
foarth ventriele is loeated on the midline in the poste- 
rior portion of the brainstem just anterior to the eerebel- 
lum. It is continuous with the eentral eanal of the spinal 
eord. Observe the relative positions of the ventrieles in 
figure 8.15. 

Eaeh ventriele eontains a ehoroid (kó '-royd) 
plexus, a mass of speeial eapillaries and ependymal 
eells that seerete CSF, but most of the CSF is produced 
in the lateral ventrieles. The flow of CSF is shown in 
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Figure 8.15 Anterior (a) and lateral (b) views of the ventrieles of the brain. Note how they are intereonneeted. I^PlR] 
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Ghoroid plexus 
of third ventriele 
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Figure 8.16 Circulation of CSF. Choroid plexuses in ventriele vvalls seerete CSF. The fluid flovvs through the ventrieles, 
eentral eanal of the spinal eord, and subarachnoid spaee. It is reabsorbed into the blood at the dural venous sinus. 


figure 8.16. From the lateral ventrieles, the CSF flows 
through the interventricular foramina into the third ven- 
triele and then throngh the eerebral aqueduct into the 
fourth ventriele. From the fourth ventriele, some of the 
fluid flows inferiorly throngh the eentral eanal of the 
spinal eord, but most of it passes into the snbaraehnoid 
spaee of the meninges. Within the snbaraehnoid spaee, 
the eSF flows in two direetions. Some flows snperiorly 
around the brain. The remainder flows inferiorly along 
the posterior of the spinal eord, remrns snperiorly along 
its anterior snrfaee, and eontinnes snperiorly around the 
brain in the snbaraehnoid spaee. CSF is reabsorbed into 
the blood-filled dural venous sinus that is loeated along 
the snperior midline within the dura mater (figures 8.11 
and 8.16). The seeretion and absorption of CSF normally 
occur at equal rates, which results in a rather eonstant 
hydrostatie pressnre within the ventrieles and snbaraeh- 
noid spaee. 

As mentioned previonsly, CSF aets as a proteetive 
shoek absorber that surrounds the brain and spinal eord. 
Beeanse it is eirenlated throughout the CNS, eerebrospi- 
nal fluid is used for the transportation of ions, nntrients, 
and waste prodnets. It also provides the brain with buoy- 
aney, which ''floats'' the brain within the skull and pre- 
vents damaging eontaet with the eranial floor. 


8.6 Spinal Gorel 

Learning Objeetive 

12. Deseribe the structure and function of the spinal eord. 

The spìnal eord is continuous with the brain. It deseends 
from the mednlla oblongata throngh the foramen mag- 
num into the vertebral eanal and extends to the seeond 
lumbar vertebra. Beyond this point, only the roots of the 
inferior spinal nerves occupy the vertebral eanal. 

Structure 

The spinal eord is eylindrieal in shape. It has two small 
grooves that extend throughout its length: the wider 
anterior median fissare and the narrower posterior median 
saleas. These grooves divide the spinal eord into left 
and right portions. Thirty-one pairs of spinal nerves 
braneh from the spinal eord. The spinal eord is divided 
into four segments-eerDzeíi/, thoraeie, lambar, and saeral- 
based upon where the spinal nerves exit the vertebral 
column. 

The eross-seetional structure of the spinal eord is 
shown in fignres 8.12 and 8.17. Gray matter, shaped like 
the ontstretehed wings of a bntterfly, is eentrally loeated 
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and is surrounded by white matter. The eentral eanal 
extends the length of the spinal eord and eontains CSF. 

The pointed projeetions of the gray matter, as seen 
in eross seetion, are ealled horns. The anterior horns eon- 
tain the eell bodies of somatie motor nenrons whose 
axons enter spinal nerves and earry nerve impnlses to 
skeletal mnseles. The posterior horns eontain internenrons 
that reeeive nerve impnlses from sensory axons in the spi- 
nal nerves and earry them to sites within the CNS. Lateral 
horns, found only in the thoraeie and lumbar segments 
of the spinal eord, eontain the eell bodies of antonomie 
motor nenrons whose axons follow ANS pathways as 
they earry nerve impnlses to eardiae and smooth muscle, 
glands, and adipose tissue. lnterneurons form most of the 
gray matter in the CNS. 


The horns of the gray matter divide the white mat- 
ter into three regions: the anterior, posterior, and lateral 
fanieali (singnlar, funiculus). These funiculi eontain nerve 
traets, which are bnndles of myelinated and nnmyelin- 
ated axons of internenrons that extend snperiorly and 
inferiorly within the spinal eord. 

Functions 

The spinal eord has two basie hmetions. It transmits 
nerve impnlses to and from the brain, and it serves as a 
reflex eenter for spinal reflexes. Nerve impnlses are trans- 
mitted to and from the brain by axons eomposing the 
nerve traets. Aseending (sensory) traets earry sensory nerve 
impnlses to the brain; deseending (motor) traets earry 
motor nerve impnlses from the brain. 
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Figure 8.17 A dravving (o) and a photomierograph (b) of the spinal eord in eross seetion show its basie structure. |ÀPiR] 
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In hydroeephalas, a eongenital defeet restriets the 
rriovement of CSF from the ventrieles into the sub- 
araehnoid spaee. In severe eases, the buildup of 
hydrostatie pressure vvithin an infant’s brain causes 
a marked enlargement of the ventrieles and brain 
and vvidens the fontanelles of the cranium. Without 
treatment, death usually results vvithin tvvo to three 
years. Treatment involves surgical insertion of a 
small tube to drain the excess CSF from a ventriele 
into the peritoneal eavity, vvhere it is reabsorbed. 



eheek 



Understandinq 


11. What is the relationship between the ventrieles, 
the meninges, and the eerebrospinal fluid? 

12. What are the fnnetions of the spinal eord? 


8.7 Peripheral Nervous 
System (PNS) 

Learning Objeetives 

13. Reeall the name, type, and functions for eaeh of the 
12 pairs of eranial nerves. 

14. Deseribe the elassifieation of the spinal nerves and 
the plexuses they form. 

15. Explain the functions of the eomponents involved in a 
reflex. 

The peripheral nervoas system (PNS) eonsists of eranial 
and spinal nerves that eonneet the CNS to other portions 
of the body, along with sensory reeeptors and ganglia. 
A nerve eonsists of axons that are bound together by 
eonneetive tissue. Motor nerves eontain mostly axons 
of motor nenrons; sensory nerves eontain only axons 
of sensory nenrons; and mixed nerves eontain both 
motor axons and sensory axons. Most nerves are mixed. 
Nerves may eontain axons of both the somatie nervons 
system, which is involved with volnntary responses, and 
the antonomie nervons system, which eontrols involnn- 
tary (antomatie) responses. 

eranial Nerves 

Twelve pairs of eranìal nerves arise from the brain and 
eonneet the brain with organs and tissnes that are primar- 
ily loeated in the head and neek (table 8.3). Most eranial 
nerves arise from the brainstem. Cranial nerves are identi- 
fied by both roman nnmerals and names. The nnmerals 


indieate the order in which the nerves arise from the infe- 
rior snrfaee of the brain: CN 1 is most anterior; CN XII is 
most posterior (figure 8.18). 

Five eranial nerves are primarily motor, three are 
sensory, and four are mixed. 

Spinal Nerves 

Arising from the spinal eord, there are thirty-one pairs 
of mixed nerves ealled spìnal nerves. Eaeh pair of spi- 
nal nerves is named based upon where it exits the ver- 
tebral column. The first pair of spinal nerves emerges 
from the spinal eord between the atlas and the oeeip- 
ital bone. The remaining thirty pairs of spinal nerves 
emerge throngh the imervenebral foramina between 
adjaeent vertebrae, the saeral foramina, and the saeral 
hiams. There are eight pairs of eervieal nerves (Cl-C8), 
twelve pairs of thoraeie nerves (T1-T12), five pairs of 
lambar nerves (L1-L5), five pairs of saeral nerves (S1-S5), 
and one pair of eoeeygeal nerves (Co) (figure 8.19). Reeall 
from ehapter 6 that there are seven eervieal vertebrae. 
Beeanse the first pair of spinal nerves emerges supe- 
rior to the atlas, there are eight pairs of eervieal nerves 
instead of seven. 

Spinal nerves braneh from the spinal eord by two 
short roots that merge a short distanee from the spinal 
eord to form a spinal nerve. The anterior root eontains 
axons of motor nenrons whose eell bodies are loeated 
within the spinal eord. These nenrons earry motor nerve 
impnlses from the spinal eord to effeetors. The posterior 
root eontains axons of sensory nenrons. The swollen 
region in a posterior root is a posterior root ganglion, 
which eontains eell bodies of sensory nenrons. The long 
axons of these nenrons earry sensory nerve impnlses to 
the spinal eord. Observe these strnemres and their rela- 
tionships in fignres 8.12, 8.17, and 8.20. 

As shown in figure 8.19, the spinal eord ends at the 
seeond lumbar vertebra. The roots of lumbar, saeral, and 
eoeeygeal spinal nerves eontinne inferiorly within the 
vertebral eanal to exit between the appropriate vertebrae. 
These roots form the eaada equina, or horse's tail, in the 
inferior portion of the vertebral eanal. 

Spinal Plexuses 

After a spinal nerve exits the vertebral eanal, it divides into 
four major parts: the anterior ramns (plural, rami), posterior 
ramns, meningeal braneh, and ramas eommnnieans. The pos- 
terior ramus innervates the deep mnseles and skin of the 
posterior trunk. The meningeal braneh innervates the 
vertebrae, meninges, and vertebral ligaments. The ramus 
communicans passes to the sympathetie ehain ganglia 
and is part of the antonomie system. The anterior rami 
of many spinal nerves merge to form spìnal plexuses, 
networks of nerves, before eontinning to the innervated 
strnemres. The anterior rami of most thoraeie nerves do 
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Figure 8.18 Inferior view of the brain showing the roots of the 12 pairs of eranial nerves. Granial nerves are identified 
by both roman numerals and names. Most eranial nerves arise from the brainstem. &PlRl 


not form plexuses; rather, they form intereostal nerves. 
The intereostal nerves innervate the intereostal and 
abdominal muscles, in addition to overlying skin. 

In a plexus, the axons in the anterior rami are sorted 
and reeombined so that axons going to a speeifie body 
part are earried in the same peripheral nerve, althongh 
they may originate in several different spinal nerves. 
There are four pairs of plexuses: eervieal, braehial, lumbar, 
and saeral. Beeanse many axons from the lumbar plexus 
contribute to the saeral plexus, these two plexuses are 
sometimes ealled the inmbosaeral plexus (figure 8.19). 

Gervieal Plexus The superior eervieal nerves merge 
to form a eervieal plexus on eaeh side of the neek. The 
nerves from these plexuses supply the muscles and skin 
of the neek and portions of the head and shonlders. The 
paired phrenie (fren'-ik) nerves, which stimnlate the dia- 
phragm to eontraet and begin inspiration, also arise from 
the eervieal plexus. 


Braehìal Plexus The inferior eervieal nerves and 
perhaps nerves T1-T2 join to form a braehial plexus on 
eaeh side of the vertebral column in the shonlder region. 
Nerves that serve skin and mnseles of the peetoral girdle 
and upper limb emerge from the braehial plexuses. The 
musculocutaneous, axillary, radial, median, and alnar nerves 
arise here. 

Lumbar Plexus The last thoraeie nerve (T12) and the 
snperior lumbar nerves unite to form a lambar plexus on 
eaeh side of the vertebral column just superior to the 
coxal bones. Nerves from the lumbar plexuses supply the 
skin and mnseles of the inferior trunk, external genita- 
lia, and the anterior and medial thighs. The femoral and 
obmrator nerves arise here. 

Saeral Plexus The inferior lumbar nerves and the saeral 
nerves merge to form a saeral plexus on eaeh side of the 
saernm within the pelvis. Nerves from the saeral plexuses 
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Table 8.3 Summary of the Cranial Nerves 


Nerve 

Type 

Function 

CN 1 Olfaetory 

Sensory 

Transmits sensory nerve impulses from olfaetory reeeptors in olfaetory epithelium 
to the brain. 

CN II Optie 

Sensory 

Transmits sensory nerve impulses for vision from the retina of the eye to the brain. 

CN III Oculomotor 

Motor 

Transmits motor nerve impulses to muscles that move the eyes superiorly, inferiorly, 
and medially; eontrol the eyelids; adjust pupil size; and eontrol the shape of the lens. 

CN IV Troehlear 

Motor 

Transmits motor nerve impulses to muscles that rotate the eyes. 

CN V Trigeminal 

Mixed 

Transmits sensory nerve impulses from sealp, forehead, faee, teeth, and gums to 
the brain. Transmits motor nerve impulses to ehevving muscles and muscles in 
floor of mouth. 

CN VI Abducens 

Motor 

Transmits motor nerve impulses to muscles that move the eyes laterally. 

CN VII Faeial 

Mixed 

Transmits sensory nerve impulses from the anterior part of the tongue to the brain. 
Transmits motor nerve impulses to faeial muscles, salivary glands, and tear glands. 

CN VIII Vestibulocochlear 

Sensory 

Transmits sensory nerve impulses from the internal ear assoeiated vvith hearing 
and equilibrium. 

CN IX Glossopharyngeal 

Mixed 

Transmits sensory nerve impulses from posterior portion of the tongue, tonsils, 
pharynx, and earotid arteries to the brain. Transmits motor nerve impulses to sali- 
vary glands and pharyngeal muscles used in svvallovving. 

CN X Vagus 

Mixed 

Transmits sensory nerve impulses from thoraeie and abdominal organs, esopha- 
gus, larynx, and pharynx to the brain. Transmits motor nerve impulses to these 
organs and to muscles of speeeh and svvallovving. 

CN XI Aeeessory 

Motor 

Transmits motor nerve impulses to muscles of the palate, pharynx, and larynx and 
to the trapezius and sternoeleidomastoid muscles. 

CN XII Flypoglossal 

Motor 

Transmits motor nerve impulses to the muscles of the tongue. 


supply the skin and muscles of the buttocks and lower 
limbs. The seiatie nerves, which emerge from the saeral 
plexuses, are the largest nerves in the body. 



eheek 



LJnderstanding 



13. What eomposes the peripheral nervons system? 

14. Identify and deseribe the fnnetions of the twelve 
eranial nerves. 

15. Name and loeate the major spinal plexuses. 

V___ J 


Reflexes 

Reflexes are rapid, involuntary, and predietable responses 
to internal and external stimnli. Reflexes maintain homeo- 
stasis and enhanee ehanees of snrvival. A reflex involves 
either the brain or the spinal eord, a sensory reeeptor, 
sensory and motor nenrons, and an effeetor. 

Most pathways of nerve impnlse transmission within 
the nervons system are complex and involve many neu- 
rons. In eontrast, reflexes require few neurons in their 
pathways and therefore prodnee very rapid responses to 
stimnli. Reflex pathways are ealled reflex ares. 


Reflexes are divided into two types-autonomic 
and somatie-based on the effeetor(s) involved in the 
reflex. Antonomie reflexes aet on smooth muscle, eardiae 
muscle, adipose tissue, and glands. They are involved 
in eontrolling homeostatie proeesses such as heart 
rate, blood pressure, and digestion. Antonomie reflexes 
maintain homeostasis and normal body hmetions at the 
unconscious level, which frees the mind to deal with 
those aetions that require conscious deeisions. Somatie 
reflexes aet on skeletal mnseles. They enable quick 
movements such as moving the hand away from a pain- 
ful stimulus. A person is usually unaware of antonomie 
reflexes but is aware of somatie reflexes. Reflexes are 
also divided into eranial reflexes and spinal reflexes, 
depending upon whether the brain or the spinal eord is 
involved in the reflex. 

Figure 8.20 illustrates a somatie spinal reflex, which 
withdraws the hand after stieking a finger with a taek. 
Three nenrons are involved in this reflex. Pain reeeptors 
are stimnlated by the sharp pin and form nerve impnlses 
that are earried by a sensory neuron to an internenron in 
the spinal eord. Nerve impnlses pass along the internen- 
ron to a motor neuron, which earries the nerve impnlses 
to a muscle that eontraets to move the hand. Althongh 
the brain is not involved in this reflex, it does reeeive 
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Figure 8.19 Thirty-one pairs of spinal nerves arise from the spinal eord. Anterior rami of spinal nerves in the thoraeie 
region form the intereostal nerves. Those in other segments form nerve netvvorks ealled spinal plexuses before 
continuing on to their target tissues. 


sensory nerve impnlses that make a person aware of a 
painfnl stimnlns. 



eheek 



IJnderstanding 


16. What is a reflex? 

17. What are the eomponents of a spinal reflex? 


J 



Because the responses of reflexes are predietable, 
physieians usually test a patient’s reflexes in order 
to determine the health of the nervous system. 
Exaggerated, diminished, or distorted reflexes may 
indieate a neurological disorder. 

V___ J 
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Taek 


Pain reeeptors 
in skin 


Figure 8.20 A somatie spinal reflex involving a sensory neuron, an interneuron, and a motor neuron. 




niea 


nsiqh 


Because the spinal eord ends at the level of the 
seeond lumbar vertebra, spinal taps and epidura 
anestheties are administered inferior to this point. 
For these procedures, a patient is plaeed in a fetal 
position in order to open the spaees betvveen the 
posterior margins of the vertebrae. A hypodermie 
needle is inserted into the vertebral eanal either 
betvveen the third and fourth lumbar vertebrae 
or betvveen the fourth and fifth lumbar vertebrae. 
n a spinal tap (lumbar puncture), a hypodermie 
needle is inserted into the subarachnoid spaee 
to remove eerebrospinal fluid for diagnostie pur- 
poses. An epidaral anesthetie is given by injeet- 
ing an anesthetie into the epidural spaee vvith a 
hypodermie syringe. The anesthetie prevents 
sensory nerve impulses from reaehing the spina 
eord via posterior roots inferior to the injeetion. 
Epidurals are sometimes used to ease pain dur- 
ing ehildbirth. 


8.8 Autonomic Nervous 

System (ANS) 

Learning Objeetive 

16. Gompare the structure and functions of the sympa- 
thetie and parasympathetie divisions. 

The autonomic (aw-to-nom'-ik) nervons system (ANS) 

eonsists of portions of the eentral and peripheral nervons 
systems and fnnetions without conscious eontrol. Its role 
is to maintain homeostasis in response to ehanging inter- 
nal eonditions. The effeetors under antonomie eontrol 
are eardiae muscle, smooth muscle, adipose tissue, and 
glands. The ANS fnnetions mostly by involnntary reflexes. 
Viseeral sensory nerve impnlses earried to the antonomie 
reflex eenters in the hypothalamns, brainstem, or spinal 
eord cause viseeral motor nerve impnlses to be earried to 
effeetors via eranial or spinal nerves. Higher brain eenters, 
such as the limbie system and eerebral cortex, inflnenee 
the ANS during times of emotional stress. 

Table 8.4 eompares the somatie and antonomie ner- 
vous systems. 
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Table 8.4 Comparison of Somatie and Autonomic Nervous Systems 



Somatie 

Autonomic 

eontrol 

Voluntary 

lnvoluntary 

Neural Pathway 

One motor neuron extends 
an axon from the CNS to an 

effeetor 

A preganglionie neuron extends an axon from the CNS to 
an autonomic ganglion and synapses vvith a postganglionie 
neuron that extends an axon to an effeetor 

Nearotransmìtters 

Aeetyleholine 

Aeetyleholine or norepinephrine 

Effeetors 

Skeletal muscles 

Smooth muscle, eardiae muscle, adipose tissue, and glands 

Aetion 

Excitatory 

Excitatory or inhibitory 


Organization 

Unlike the somatie nervons system, in which a single 
motor nenron extends from the CNS to a skeletal mnsele, 
the ANS uses two motor neurons in sequence to earry 
motor nerve impnlses to an effeetor. The eell body of the 
first neuron, or preganglionie nemon, is loeated within the 
brain or spinal eord. It extends an axon from the CNS 


to an autonomìc ganglìon. The eell body of the see- 
ond neuron, or postganglionie nearon, is loeated within the 
antonomie ganglion and it extends an axon from the gan- 
glion to the viseeral effeetor (figure 8.21). 

The autonomic nervons system is snbdivided into 
the sympathetie division and the parasympathetie 
division. The origin of their motor nenrons and the 
organs innervated are shown in figure 8.22. 


lnterneurons 


Cell body of viseeral 
sensory neuron 


Axon of 
viseeral 
sensory 
neuron 


mosele 


Posterior root 
ganglion 


Axon of somatie 
sensory neuron 



(a) Autonomic pathvvay 


(b) Somatie pathvvay 


Figure 8.21 Comparison of aotonomie and somatie motor pathways in spinal nerves. (a) An autonomic pathway 
involves a preganglionie neuron and a postganglionie neuron that synapse at a ganglion external to the CNS. 

(b) A somatie pathway involves a single motor neuron. 
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Figure 8.22 Innervation ofviseeral organs by the autonomic nervous system. 
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Preganglionie axons of the sympathetie division 
arise from the thoraeie and Inmbar segments of the spi- 
nal eord-spinal nerves T1-L2. Some preganglionie sym- 
pathetie axons braneh from the spinal nerves to synapse 
with postganglionie nenrons in antonomie ganglia that 
are arranged in two ehains, one on eaeh side of the verte- 
bral eolnmn. These ganglia are ealled paravertebral or sym- 
pathetie ehain gangìia. Other sympathetie preganglionie 
axons pass throngh a paravertebral ehain ganglion with- 
out synapsing and extend to another type of ganglion, a 
eollateral ganglion, before synapsing with a postganglionie 
neuron. Both pathways are shown in figure 8.22. 

Preganglionie axons of the parasympathetie division 
arise from the brainstem and saeral segment (S2-S4) of the 
spinal eord. They extend throngh eranial or saeral nerves 
to synapse with postganglionie nenrons within gan- 
glia that are loeated very near or within viseeral organs 
(figure 8.22). 

Most viseeral organs reeeive postganglionie axons of 
both the sympathetie and the parasympathetie divisions; 
but a few, such as sweat glands and most blood vessels, 
reeeive only sympathetie axons. 

Autonomic Neorotransmitters 

Preganglionie axons of both the sympathetie and the 
parasympathetie divisions seerete aeetgleholine to initi- 
ate nerve impnlses in postganglionie nenrons, but their 


postganglionie axons seerete different nenrotransmitters. 
Most sympathetie postganglionie axons seerete norepi- 
nephrine, a snbstanee similar to adrenaline, which is why 
they are ealled adrenergie axons. Parasympathetie postgan- 
glionie axons seerete aeetyleholine and thus are ealled 
eholinergie axons (figure 8.23). 

Fonetions 

Both sympathetie and parasympathetie divisions stimu- 
late some viseeral organs and inhibit others. However, 
their effeets on a given organ are opposite. For example, 
the sympathetie division inereases heart rate whereas 
the parasympathetie division deereases heart rate. The 
eontrasting effeets are due to the different nenrotrans- 
mitters seereted by postganglionie sympathetie and 
parasympathetie axons and the reeeptors of the reeeiv- 
ing organs. 

The sympathetie division prepares the body for 
physieal aetion to meet emergeneies. Its aetions have 
been snmmarized as preparing the body for fight or flight. 
The parasympathetie division is dominant under the nor- 
mal, nonstressfnl eonditions of everyday life. Beeanse its 
aetions are usually opposite those of the sympathetie 
division, it is often viewed as preparing the body for rest- 
ing and digesting. Table 8.5 eompares some of the effeets 
of the sympathetie and parasympathetie divisions on vis- 
eeral organs. 
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Figure 8.23 Comparison of Nenrotransmitters Dsed in the Antonomie Nervons System. 
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Table 8.5 Representative Aetions of the Autonomic Nervous System 


Effeetor 

Sympathetie Stimulation 

Parasympathetie Stimulation 

Eye 

Dilation of pupil; ehanges lens shape for 
far vision 

Gonstrietion of pupil; ehanges lens shape 
for near vision 

Heart 

inereases rate and strength of eontraetion 

Deereases rate of eontraetion 

Arterioles 

Gonstrietion inereases blood pressure 

No innervation 

Blood distribution 

inereases supply to skeletal muscles; 
deereases supply to digestive organs 

Deereases supply to skeletal muscles; 
inereases supply to digestive organs 

Lungs 

Dilates bronehioles 

Gonstriets bronehioles 

Digestive traet 

Inhibits motility and seeretion by glands 

Promotes motility and seeretion by glands 

Liver 

Deereases bile production; inereases 
blood glucose 

inereases bile production; deereases 
blood glucose 

Gallbladder 

Relaxation 

Gontraetion 

Kidneys 

Deereases urine production 

No knovvn aetion 

Panereas 

Deereases seeretion of insulin and digestive 
enzymes 

inereases seeretion of insulin and 
digestive enzymes 

Spleen 

Gonstrietion injeets stored blood into circulation 

No knovvn aetion 

Llrinary bladder 

Gontraetion of external urethral sphineter; 
relaxation of bladder vvall 

Relaxation of external urethral sphineter; 
eontraetion of bladder vvall 

Reproductive organs 

Vasoeonstrietion; eJaculation in males; reverse 
uterine eontraetions in females; stimulates 
uterine eontraetions in labor 

Vasodilation; ereetion in males; vaginal 
seeretion in females 



Goeaine exerts major effeets on the autonomic ner- 
vous system. It not only stimulates the sympathetie 
division but also inhibits the parasympathetie divi- 
sion. In an overdose, this double-barreled aetion 
produces an erratie, uncontrollable heartbeat that 
may result in sudden death. 

V___ J 



eheek 



IJnderstanding 



18. How do the somatie and antonomie nervons sys- 
tems differ in terms of structure? 

19. How does the autonomic nervous system main- 
tain homeostasis? 

V___ J 


8.9 Disorders of the Nervous 
System 

Learning Objeetive 

17. Deseribe the eommon disorders of the nervous system. 

Inflammatory Disorders 

Meningitis (men-in-ji '-tis) resnlts from a baeterial, fun- 
gal, or viral infeetion of the meninges. Baeterial meningitis 


eases are the most serions, with about 20% being fatal. If 
the brain is also involved, the disease is ealled eneephalitis. 
Some virnses eansing eneephalitis are transmitted by 
bites of eertain mosquitoes. 

Nenritis is the inflammation of a nerve or nerves. It 
may be caused by several faetors, such as infeetion, eompres- 
sion, or trauma. Assoeiated pain may be moderate or severe. 

Seiatiea (si-at'-i-kah) is nenritis involving the seiatie 
nerve. The pain may be severe and ofeen radiates inferiorly 
throngh the thigh and leg to the sole of the foot. 

Shingles is an infeetion of one or more nerves. It is 
caused by the reaetivation of the ehieken pox virus, which, 
until that time, has been dormant in the nerve roots. The 
virus causes painful blisters on the skin at the sensory 
nerve endings, followed by prolonged pain (figure 8.24íi). 

Noninflaniinatery Disorders 

Alzheimer (alts'-hi-mer) disease (AD) is a progressively 
disabling disease affeeting older persons. It is assoeiated 
with a loss of eertain eholinergie nenrons in the brain 
and a redneed ability of nenrons to seerete aeetyleho- 
line. AD is eharaeterized by a progressive loss of mem- 
ory, disorientation, and mood swings (figure 8.24Ò). 

Gerebral palsy (ser-è'-bral pawl-zè) is eharaeter- 
ized by partial paralysis and sometimes a degree of mental 
retardation. It may result from damage to the brain during 
prenatal development, often from viral infeetions caused 
by German measles or from trauma during delivery. 
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Figure 8.24 Nervous System Disorders. (a) Shingles. (b) Alzheimer disease. 


Cerebrovascular aeeìdents (CVAs) are disorders 
of blood vessels serving the brain. They resnlt from blood 
elots, anenrysms (an'-u-rizms), or hemorrhage. Often ealled 
strokes, eVAs cause severe damage to the brain due to the 
loss of oxygen. Response time is erneial after the CVA in 
order to limit the amount of neural damage. They are a 
major cause of disability and the third highest cause of 
death in the IJnited States. 

Comas are states of unconsciousness in which the 
patient eannot be aronsed even with vigorons stimnla- 
tion. Illness or trauma to the brain may alter the fnnetion- 
ing of the retienlar formation, resnlting in a eoma. 

Concussion resnlts from a severe jarring of the 
brain caused by a blow to the head. Unconsciousness, 
eonfnsion, and amnesia may result in severe eases. 

Dyslexia (dis-lek'-sé -ah) causes the afflieted person 
to reverse letters or syllables in words and words within 
sentenees. It resnlts from malfnnetioning of the langnage 
eenter of the eerebrnm. 

Epilepsy (ep'-i-lep"-sé) may have a hereditary basis, 
or it may be triggered by injnries, infeetions, or mmors. 
There are two types of epilepsy. Grand mal epilepsy is the 
more serions form and is eharaeterized by eonvnlsive 
seiznres. Petit mal epilepsy is the less serions form and is 

momentary loss of eontaet with 
without unconsciousness or eonvnlsions. 

Fainting is a brief loss of eonseionsness due to a 
sudden rednetion in blood supply to the brain. It may 
result from either physieal or psyehologieal causes. 



eharaeterized by 


Headaehes are triggered by various physieal or 
psyehologieal faetors, but often result from a dilation of 
blood vessels within the meninges of the brain. Migraine 
headaehes may have visual or digestive side effeets and 
may be triggered by stress, allergies, or fatigne. Sinus head- 
aehes may result from inflammation that causes inereased 
pressnre within the paranasal sinnses. Some headaehes 
result from tension in mnseles of the head and neek. 

Mental ìllnesses may be broadly eategorized as 
either nenroses or psyehoses. Nearoses are mild malad- 
jnstments to life simations that may prodnee anxiety and 
interfere with normal behavior. Psyehoses are serions men- 
tal disorders that sometimes cause delusions, hallneina- 
tions, or withdrawal from reality. 

Mnltiple selerosis (MS) is a progressive degenera- 
tion of the myelin sheath around axons in the CNS, aeeom- 
panied by the formation of plaques of sear tissue ealled 
seleroses. This destruction resnlts in a short-circuiting of 
neural pathways and an impairment of motor fnnetions. 

Neuralgia (nn-ral'-jé-ah) is pain arising from a nerve 
regardless of the cause of the pain. 

Paralysis is the permanent loss of motor eontrol 
of body parts. It most eommonly resnlts from aeeidental 
injury to the CNS. 

Parkinson disease is caused by an insnffieient 
delivery of the nenrotransmitter dopamine to nenrons in 
eertain nuclei within the eerebmm. It prodnees tremors 
and impairs normal skeletal muscle eontraetions. Parkin- 
son disease is more eommon among older persons. 









Pan 3 Integration and Gontrol 


191 


ehapter Sammary 

8.1 Divisions of the Nervous System 

• Anatomieal divisions are the eentral nervons system 
(CNS), eomposed of the brain and spinal eord, and the 
peripheral nervons system (PNS), eomposed of eranial and 
spinal nerves, ganglia, and sensory reeeptors. 

• Fnnetional divisions are the sensory and motor divisions. 
The motor division is snbdivided into the somatie 
nervons system (SNS), which is involved in volnntary 
aetions, and the antonomie nervons system (ANS), which 
is involved in involnntary responses. 

8.2 Nervous Tissue 

• Nervons tissne eonsists of nenrons and nenroglia. 

• A nenron is eomposed of a eell body, which eontains 
the nnelens; one or more dendrites that eondnet 
impnlses toward the eell body or axon; and one axon 
that eondnets nerve impnlses away from the eell body or 
dendrites. 

Myelinated axons are eovered by a myelin sheath. 
Schwann eells form the myelin sheath and nenrilemma 
of peripheral myelinated axons. Oligodendroeytes form 
the myelin sheath of myelinated axons in the CNS; these 
axons laek a nenrilemma. 

• There are three strnemral types of nenrons: mnltipolar, 
bipolar, and nnipolar. 

• There are three fnnetional types of nenrons. Sensory 
nenrons earry nerve impnlses toward the CNS. 
Internenrons earry nerve impnlses within the CNS. 

Motor nenrons earry nerve impnlses from the CNS. 
Schwann eells are nenroglia in the PNS. Four types of 
neurogIia occur in the CNS: oligodendroeytes, astroeytes, 
mieroglial eells, and ependymal eells. 

8.3 Neuron Physiology 

• Nenrons are speeialized to form and eondnet nerve 
impnlses. 

• The plasma membrane of a resting neuron is polarized 
with an excess of positive eharges on the ECF-side and 
negative eharges on the eytosol-side. This differenee 
ereates a voltage ealled the resting membrane potential. 

• When a threshold stimulus is applied, the neuron 
plasma membrane beeomes permeable to sodium ions 
(Na”^), which quickly move into the neuron and cause 
depolarization of the membrane. This depolarization is 
the formation of a nerve impnlse. 

• The depolarized portion of the plasma membrane 
causes the depolarization of adjaeent portions so that a 
depolarization wave flows along the axon. 

Depolarization makes the neuron plasma membrane 
permeable to potassinm ions (K”^), aIIowing them to 
quickly difhise into the ECF and repolarize the plasma 
membrane. 


• In neuron-to-neuron synaptie transmission, the terminal 
bouton seeretes a nenrotransmitter into the synaptie 
eleft. The nenrotransmitter binds to reeeptors on the 
postsynaptie neuron, eansing either the formation of 

a nerve impnlse or the inhibition of nerve impnlse 
formation. Then, the nenrotransmitter is quickly 
removed by reabsorption into the terminal bouton, an 
enzymatie reaetion or diffnsion out of the eleft. 

• The most eommon peripheral nenrotransmitters are 
aeetyleholine and norepinephrine. Some nenrotransmitters 
are excitatory, while others are inhibitory. 

8.4 Proteetion for the Gentral 

Nervous System 

• The brain is eneased by the eranial bones, and the spinal 
eord is surrounded by vertebrae. 

• Both the brain and the spinal eord are eovered by the 
meninges: the pia mater, araehnoid mater, and dura 
mater. 

• eerebrospinal fluid in the snbaraehnoid spaee provides 
bnoyaney and serves as a fluid shoek absorber surrounding 
the brain and spinal eord. 

8.5 Brain 

• The brain eonsists of the eerebrnm, dieneephalon, 
brainstem, and eerebellnm. 

• The eerebrnm eonsists of two eerebral hemispheres 
joined by the corpus caIIosum. Gyri and sulci inerease 
the snrfaee area of the eerebral cortex. Eaeh hemisphere 
is snbdivided into five lobes: frontal, parietal, temporal, 
oeeipital, and insula. 

• The cerebrum interprets sensations; initiates volnntary 
motor responses; and is involved in will, personality 
traits, and intelleemal proeesses. The left eerebral 
hemisphere is dominant in most people. 

• Sensory areas occur in the parietal, temporal, and 
oeeipital lobes. Motor areas occur in the frontal lobe. 
Assoeiation areas occur in all lobes of the eerebmm. 

• The dieneephalon eonsists of the thalamns, the 
hypothalamns, and the epithalamns. 

• The thalamns is formed of two lateral masses eonneeted 
by the interthalamie adhesion. It is a relay station for 
sensory and motor nerve impnlses going to and from 
the eerebmm and provides an nneritieal awareness of 
sensations. 

• The hypothalamns is loeated inferior to the thalamns 
and forms the floor of the third ventriele. It is a major 
integration eenter for the antonomie nervons system. 

It also regnlates several homeostatie proeesses such as 
body temperature, mineral and water balanee, appetite, 
digestive proeesses, and seeretion of pimitary gland 
hormones. 
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• The epithalamus possesses the pineal gland, which 
prodnees the hormone melatonin. Melatonin indnees 
sleepiness in the evenings. 

• The limbie system is assoeiated with emotional behavior, 
memory, and motivation. 

• The brainstem eonsists of the midbrain, pons, and 
mednlla oblongata. Aseending and deseending axons 
between higher brain eenters and the spinal eord pass 
throngh the brainstem. 

• The midbrain is a small, snperior portion of the 
brainstem. It eontains reflex eenters for movements 
assoeiated with visual and anditory stimnli. 

• The pons is the middle portion of the brainstem. It works 
with the mednlla oblongata to eontrol breathing. 

• The mednlla oblongata is the most inferior portion of 
the brainstem and is continuous with the spinal eord. It 
eontains reflexive integration eenters that eontrol breath- 
ing, heart rate and foree of eontraetion, and blood pressnre. 

• The retienlar formation eonsists of nuclei and axons 
that extend from the snperior spinal eord and into the 
dieneephalon. It is involved with wakefulness. 

• The eerebellnm lies posterior to the fourth ventriele. It is 
eomposed of two hemispheres separated by the vermis 
and eoordinates skeletal muscle eontraetions. 

• The ventrieles of the brain, the eentral eanal of the spinal 
eord, and the snbaraehnoid spaee around the brain and 
spinal eord are filled with eerebrospinal fluid. Cerebrospinal 
fluid is seereted by a ehoroid plexus in eaeh ventriele. 

• Gerebrospinal fluid is absorbed into blood of the dural 
venous sinus in the dura mater. 

8.6 Spinal Cord 

• The spinal eord extends from the mednlla oblongata 
inferiorly throngh the vertebral eanal to the seeond 
lumbar vertebra. 

• Gray matter is loeated internally and is surrounded by 
white matter. Anterior horns of gray matter eontain eell 
bodies of somatie motor nenrons; posterior horns eontain 
internenron eell bodies that reeeive ineoming sensory nerve 
impnlses; lateral horns eontain eell bodies of antonomie 
motor nenrons. White matter eontains aseending and 
deseending traets of myelinated and nnmyelinated axons. 

• The spinal eord serves as a reflex eenter and eondneting 
pathway for nerve impnlses between the brain and spinal 
nerves. 

8.7 Peripheral Nervous System (PNS) 

• The PNS eonsists of eranial and spinal nerves, in addition 
to sensory reeeptors and ganglia. Most nerves are mixed 


nerves; a few eranial nerves are motor or sensory only. 

A nerve eontains bnndles of axons snpported by 
eonneetive tissue. 

• The 12 pairs of eranial nerves are identified by roman 
nnmeral and name. The 31 pairs of spinal nerves are 
divided into 8 eervieal, 12 thoraeie, 5 Inmbar, 5 saeral, 
and 1 eoeeygeal nerve. 

• Anterior rami of many spinal nerves form spinal plexuses 
where axons are sorted and reeombined so that all axons 
to a partienlar organ are earried in the same nerve. The 
four pairs of spinal plexuses are eervieal, braehial, lumbar, 
and saeral plexuses. 

• Reflexes are rapid, involuntary, and predietable responses 
to internal and external stimnli. 

• Antonomie reflexes involve smooth muscle, eardiae 
muscle, adipose tissue, and glands. Somatie reflexes 
involve skeletal mnseles. 

• Granial reflexes involve the brain, while spinal reflexes 
involve the spinal eord. 

8.8 Autonomic Nervous System (ANS) 

• The ANS involves portions of the eentral and peripheral 
nervons systems that are involved in involnntary 
maintenanee of homeostasis. 

• Two ANS motor nenrons are used to aetivate an effeetor. 
The axon of the preganglionie neuron arises from the 
CNS and ends in an antonomie ganglion, where it 
synapses with a postganglionie neuron. The axon of the 
postganglionie neuron extends from the ganglion to an 
effeetor. 

• The ANS is divided into two snbdivisions that generally 
have antagonistie effeets. Nerves of the sympathetie 
division arise from the thoraeie and lumbar segments 
of the spinal eord and prepare the body to meet 
emergeneies. Nerves of the parasympathetie division 
arise from the brain and the saeral segment of the spinal 
eord and fnnetion mainly in nonstressfnl simations. 

8.9 Disorders of the Nervous System 

• Disorders may result from infectious diseases, 
degeneration from unknown causes, malfunctions, 
and physieal injury. 

• Inflammatory nenrologieal disorders inelnde meningitis, 
nenritis, seiatiea, and shingles. 

• Noninflammatory nenrologieal disorders inelnde 
Alzheimer disease, eerebral palsy, CVAs, eomas, 
eonenssion, dyslexia, epilepsy, fainting, headaehes, 
mental illness, mnltiple selerosis, nenralgia, paralysis, 
and Parkinson disease. 
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Answers are loeated in appendix B. 

1. Nerve impnlses are earried away from the eell body of a 

nenron by the_of the nenron. 

2. Nenrons that eondnet nerve impnlses from plaee to plaee 

within the CNS are_. 

3. A nerve impnlse is formed by the sndden flow of 

_ions aeross the plasma membrane into a 

nenron. 

4. Synaptie transmission is dependent upon the seeretion 

of a_by an axon's terminal bouton. 

5. The_is the only lobe of the eerebrnm that 

eannot be seen snperfieially. 

6. Volnntary muscle eontraetions are eontrolled by 

the_lobe of the eerebrnm. 

7. The_area of the eerebrnm is involved with 

deeision making, eonseienee, and personality. 


8. The_, a eomponent of the dieneephalon, regnlates 

appetite, water balanee, and body temperatnre. 

9. The_, a eomponent of the brainstem, regnlates 

heart and breathing rates. 

10. eoordination of body movements is a fnnetion of 

the_. 

11. eerebrospinal fluid fills the ventrieles of the brain and 

the_spaee of the meninges. 

12. The_horns of the spinal eord reeeive ineoming 

sensory nerve impnlses. 

13. The_roots of spinal nerves eonsist of axons of 

somatie motor nenrons. 

14. The_nervons system is involved in involnntary 

responses that maintain homeostasis. 

15. The_division prepares the body for physieal 

responses to emergeneies. 


Critical Thinkin 


1. Prediet the eognitive ehanges that will occur following physieal trauma to the anterior portion of the frontal lobe. 

2. Explain why damage to the mednlla oblongata is life-threatening. 

3. Explain the effeet of an abnormally high level of potassinm ions in the ECF on the ability of a neuron to ereate a nerve 
impnlse. 

4. If you touch a hot stove, a reflexive withdrawal of your hand is triggered at about the same time that you feel the pain. 
Deseribe the roles of the PNS and CNS in your response and sensation. 

5. Explain how the ANS ean both inerease and deerease heart rate. 
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Jeremy, age 14, was born blind and deaf. He is unable to see the world 
around him. He eannot see the sky, the earth, or his family. He eannot see a 
ear heading towards him, so that he ean get out of the way. Jeremy eannot 
hear warning alarms or people yelling at him when there is danger around 
him. He eannot hear the spoken words used for quick, easy communication 
between people. Because he eannot hear words, he did not develop the 
auditory memories needed to produce speeeh. He eannot verbally express his 
thoughts, opinions, or desires to those around him. To survive in the world and 
communicate with those around him, Jeremy has had to learn to use his other 
senses. He uses his sense of touch to identify people and objeets around 
him and to learn about the world by reading in braille. By feeling vibrations 
through his skin, he ean deteet the rhythm in music that is playing. His sense 
of smell is heightened, which allows him to deteet eertain types of hazards 
and aid in the identifieation of people and objeets. Jeremy's life is the perfeet 
example of Just how importantthe senses are in maintaining health and well- 
ness for eaeh of us. 
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SELEGTED KEY TERMS 


Aeeommodation The focusing of 
light rays on the retina by the lens. 
ehemoreeeptor Sensory reeeptor 
stimulated by eertain ehemieals. 
Goehlear hair eells Sensory 
reeeptors used in hearing. 

Cones Photoreeeptors for eolor 
vision. 

Dynamie equilibrium Mainte- 
nanee of balanee when the head is 
in motion. 

Meehanoreeeptor Sensory 
reeeptor stimnlated by meehanieal 
forees such as pressure or touch. 
Noeieeptor Sensory reeeptor 
stimnlated by tissue damage. 
Olfaetory reeeptor Sensory 
reeeptor used to deteet odors in 
inhaled air. 


Photoreeeptor (photo = light) 
Sensory reeeptor stimnlated by light. 
Projeetion The proeess by which 
the brain makes a sensation seem 
to eome from the body part being 
stimnlated. 

Proprioeeptor Sensory reeeptor 
stimnlated by ehanges in body 
position or movements of the body 
or its parts. 

Retina (retin = net) The internal 
layer of the eye, which eontains the 
photoreeeptors. 

Rods Photoreeeptors for blaek and 
white vision. 

Semicircular eanals The portion 
of the internal ear eontaining the 
sensory reeeptors for dynamie 
equilibrium. 


Sensory adaptation The deerease 
in the formation of nerve impnlses 
by a sensory reeeptor when repeat- 
edly stimnlated by the same 
stimulus. 

Spiral organ (Organ of Corti) The 
sense organ in the internal ear eon- 
taining the sensory reeeptors for 
hearing. 

Statie equilibrium The mainte- 
nanee of balanee when the head is 
not in motion. 

Taste bud Tongue organ that 
eontains taste reeeptors. 

Thermoreeeptor Sensory 
reeeptor stimnlated by ehanges 
in temperamre. 


OLIR SENSES GONSTANTLY inform us of what is going on 
in our internal and external environments so that our body 
ean take appropriate volnntary or involnntary aetion and 
maintain homeostasis. Several different types of sensory 
reeeptors are involved in sending nerve impnlses to the 
CNS, which then initiates the appropriate response. 

The senses may be snbdivided into two broad eat- 
egories: general senses and speeial senses. General senses 
inelnde pain, touch, pressure, stretehing, ehemieal ehanges, 
eold, and heat. Speeial senses are taste, smell, vision, hearing, 
and equilibrium. Eaeh of the senses depends upon (1) sen- 
sory reeeptors, which deteet environmental ehanges and 
form nerve impnlses; (2) sensory nenrons, which earry the 
nerve impnlses to the CNS; and (3) the brain, which inter- 
prets the nerve impnlses. 

9.1 Sensations 

Learning Objeetives 

1. Differentiate between sense, sensation, 
and pereeption. 

2. Reeall the five basie types of sensory reeeptors. 

3. Compare the meehanisms of projeetion and 
adaptation of sensations. 

Eaeh type of sensory reeeptor is sensitive to a partienlar 
type of stimulus that causes the sensory reeeptor to form 
nerve impnlses. The five types of sensory reeeptors, based 
on the speeifie stimnli to which they respond, are listed 
in table 9.1. These nerve impnlses are earried by eranial 


or spinal nerves to the CNS. A sensatìon is a eonseions 
or subconscious awareness of a ehange in the internal or 
external environment. The eonseions awareness of a sen- 
sation, or pereeption, resnlts from the interpretation of 
nerve impnlses reaehing sensory areas of the eerebral eor- 
tex. The sensation that is ereated is determined by the area 
of the brain reeeiving the nerve impnlses rather than by 
the type of sensory reeeptor forming the nerve impnlses. 
For example, all nerve impnlses reaehing the visual area 
of the oeeipital lobe are interpreted as visual sensations. 
A strong blow to an eye or to the baek of the head may 
prodnee a visual sensation (flashes of light), althongh the 
stimulus is meehanieal. 

The pereeived intensity of a sensation is dependent 
upon the frequency of nerve impnlses reaehing the eere- 
bral cortex. The greater the frequency of nerve impnlses, 
the greater is the intensity of the sensation. The frequency 
of nerve impnlses sent to the brain is, in turn, dependent 
upon the aetion of sensory reeeptors. The greater the 


Table 9.1 Types of Sensory Reeeptors 


Type 

Stimulus Deteeted 

Thermoreeeptors 

Temperature ehanges 

Meehanoreeeptors 

Meehanieal forees 

Noeieeptors 

Tissue damage 

ehemoreeeptors 

eoneentration of ehemieals 

Photoreeeptors 

Light energy 
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intensity of a stimnlns, the greater the frequency of nerve 
impulse formation by sensory reeeptors. 

Projeetien 

Whenever a sensation occurs, the eerebral cortex projeets 
the sensation baek to the body region where the nerve 
impnlses originated so that the sensation seems to eome 
from that region. This phenomenon is ealled projeetion. 
For example, if your thumb is injured, the pain is pro- 
jeeted baek to your thumb so that you are aware that 
your thumb hurts. Similarly, projeetion of visual and audi- 
tory sensations gives the feeling that eyes see and ears 
hear. The projeetion of sensations has obvions snrvival 
value in pinpointing the source of a sensation beeanse 
it allows for eorreetive aetion to remove harmfnl stimnli. 

Adaptation 

If a sensory reeeptor is repeatedly stimnlated by the same 
stimulus, the rate of nerve impnlse formation may deeline 
until nerve impnlses may not be formed at all. This phe- 
nomenon is ealled sensory adaptatìon. For example, 
when the odor of perfnme is first eneonntered, it is very 
notieeable. But as the olfaetory reeeptors beeome adapted 
to the stimulus, the strength of the sensation rapidly 
deelines until the odor is hardly notieeable. Adaptation 
occurs within most sensory reeeptors, with the excep- 
tion of those involved in pain and proprioeeption. Its pur- 
pose is to prevent overloading the nervons system with 
nnimportant stimnli, such as elothes touching the body. 
Onee a sensory reeeptor is adapted, a stronger stimulus is 
needed to form nerve impnlses. 

9.2 General Senses 

Learning Objeetives 

4. Gontrast the structures, loeations, and functions of the 
sensory reeeptors involved in sensations of warm, eold, 
touch, pressure, streteh, ehemieal ehange, and pain. 

5. Explain the meehanism of referred pain. 

Sensory reeeptors for the general senses are widely dis- 
tribnted in the skin, mnseles, tendons, ligaments, and vis- 
eeral organs. 

Temperalure 

Two types of thermoreeeptors are loeated in the skin. 
Warm reeeptors are free nerve endings, which are sen- 
sory neuron dendrites, in the deep dermis that are most 
sensitive to temperamres above 25 °C (77°F). Cold reeeptors 
are free nerve endings in the snperfieial dermis that are 
most sensitive to temperamres below 20°C (68°F). Temper- 
amres below 10°C (50°F) or above 45°C (113°F) stimnlate 
pain reeeptors, which resnlts in painfnl sensations. Ther- 
moreeeptors adapt very quickly to eonstant stimnlation. 


Pressurei Touch, and Streteh 

Pressnre, touch, and streteh reeeptors are meehanore- 
eeptors (mek-ah-no-re-eep'tors), which are sensitive to 
meehanieal stimnli displaeing the tissue in which they 
are loeated. Lamellated (Paeinian) eorpaseles are rapidly 
adapting reeeptors used to deteet deep pressure and 
streteh. They are loeated deep in the dermis, as well 
as in the ligaments and tendons assoeiated with joints. 
(figure 9.1). 

There are several types of reeeptors that hmetion in 
the skin as touch reeeptors (figure 9.1). Free nerve end- 
ings extend from the dermis snperfieially to the spaees 
between the epidermal eells. These endings fnnetion pri- 
marily as pain reeeptors but also serve to deteet touch, 
iteh, and temperamre. The free nerve endings of the hair 
root plexus fnnetions to deteet hair displaeement, such 
as when a bug lands on the forearm. Taetile (Meissner) 
eorpaseles in the snperfieial dermis are most abnndant in 
hairless areas such as fingertips, palms, and lips. These rap- 
idly adapting reeeptors are useful in deteeting the onset 
of light touch to the skin. Taetile dises in the snperfieial 
dermis are assoeiated with taetile eells in the stramm 
basale of the epidermis in areas such as the fingertips, 
hands, lips, and external genitalia. Together these slowly 
adapting stmemres hmetion in deteeting light touch and 
pressnre, such as when reading braille. 

Baroreeeptors are free nerve endings that moni- 
tor stretehing within distensible internal organs such as 
blood vessels, the stomaeh, and the bladder. Signals from 
these reeeptors are used to help regulate viseeral reflexes 
such as those used to regulate blood pressure, digestion, 
and nrination. For example, baroreeeptors within the uri- 
nary bladder will trigger the nrination reflex as the blad- 
der fills and stretehes. These reeeptors do not exhibit 
sensory adaptation owing to their role in regnlating vis- 
eeral reflexes. 

Proprioeeptors, such as masele spindles and tendon 
organs, are used to monitor ehanges in skeletal muscle 
stretehing and tendon tension during skeletal muscle 
eontraetion and relaxation (figure 9.2). These reeeptors 
keep us informed about the positioning of our body or 
body parts while stationary or moving. These reeeptors 
do not exhibit sensory adaptation owing to their role in 
maintaining posmre, equilibrium, and muscle tone. 

ehemoreeeptors 

The ehemoreeeptors that are part of the general senses 
are speeialized nenrons used to monitor body fluids for 
ehemieal ehanges. For example, ehemoreeeptors monitor 
ehanges in ion eoneentrations, pH, blood glneose levels, 
and dissolved gases. The signals ereated by these ehemo- 
reeeptors are not proeessed within the eerebral cortex; 
this means that the sensation ereated within the brain 
eannot be eonseionsly deteeted. 
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Figure 9.1 Touch and Pressure Reeeptors. 

(a) Free nerve endings betvveen epidermal eells deteet touch, iteh, pain, and temperature sensations. (b) Taetile 
corpuscles are light touch reeeptors loeated in the superifical dermis. (e) Lamellated corpuscles are pressure 
reeeptors loeated deep in the dermis, in addition to eertain ligaments and tendons. (d) Taetile eell in stratum basale of 
the epidermis and taetile dise in the adjaeent dermis deteet light touch and pressure. (e) Hair root plexus around hair 
folliele deteets movement of the hair shaft. 
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Figure 9.2 Proprioeeptors. (a) Muscle spindle. 

(b) Tendon organ. 

Pain 

Noeieeptors, also referred to as pain reeeptors, are free 
nerve endings, v^hieh are v^idespread in body tissnes, 
except within the nervons tissne of the brain. They are 
espeeially abnndant in the skin, the organ that is in direet 
eontaet with the external environment. Noeieeptors are 
stimnlated whenever tissnes are damaged, and the pain 
sensation initiates aetions by the CNS to remove the 
sonree of the stimnlation. Fnrther, noeieeptors do not 


easily adapt like many other sensory reeeptors. The laek of 
adaptation is a proteetive meehanism that allows the per- 
son to be aware of a harmfnl stimnlns nntil it is removed. 

Referred Pain 

Projeetion by the eerebral cortex is not always aeenrate 
when the nerve impnlses originate from noeieeptors in vis- 
eeral organs. When damage to viseeral organs oeenrs, pain 
sensations are often projeeted or referred to an nndamaged 
part of the body wall or limb. This type of pain is ealled 
referred paìn. 



Pain management in the LJnited States eosts billions 
of dollars eaeh year. Analgesìa (pain reduction) and 
anesthesìa (eomplete loss of sensation) eontrol 
pain by deereasing noeieeptor sensitivity, bloeking 
nerve impulse formation, preventing nerve impulse 
transmission to the CNS, or interfering with pain 
pereeption within the brain. 
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Referred pain is eonsistent from person to person 
and is important in the diagnosis of many disorders. For 
example, pain eansed by a heart attaek is referred to the 
left anterior ehest wall, left shonlder, and left npper limb 
in both genders, while women also eommonly experience 
pain in the abdomen and jaw and between the seapnlae. 
Referred pain is due to communication between nenrons 
within the same nerve that are earrying nerve impnlses 
from both viseeral organs and the body wall or a limb. For 
example, nenrons earrying nerve impnlses from the heart 
use the same nerves as those from the left shonlder and 
upper limb (figure 9.3). 



eheek 



Understandinq 



1. What parts of the nervous system are involved in 
the development of a sensation? 

2. What sensory reeeptors are involved in the 
general senses? 

3. What are the roles of these sensory reeeptors in 
monitoring the external and internal environments? 

V___ J 


9.3 Speeial Senses 

Learning Objeetives 

6. Gontrast the loeation, structure, and function of 
olfaetory and taste reeeptors. 

7. Reeall the loeation, structure, and function of the 
sensory reeeptors involved in hearing. 

8. Distinguish the loeation, structure, and function of 
the sensory reeeptors involved in statie equilibriunn 
and dynamie equilibrium. 

9. Identify the structures of the eye and the functions 
of these structures. 

10. Deseribe the loeation, structure, and function of the 
sensory reeeptors involved in vision. 

The sensory reeeptors for speeial senses are loealized 
rather than widely distribnted, and they, like all sen- 
sory reeeptors, are speeialized to respond to only eertain 
types of stimnli. There are three different kinds of sensory 
reeeptors for the speeial senses. Taste and olfaetory reeep- 
tors are ehemoreeeptors, which are sensitive to ehemieal 
snbstanees. Sensory reeeptors for hearing and equilibrium 
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Figure 9.3 Superficial regions to which viseeral pain originating from various internal organs may be referred. 
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are meehanoreeeptors, which are sensitive to vibrations 
formed by sound waves and movement of the head. Sen- 
sory reeeptors for vision are photoreeeptors, which are 
sensitive to light energy. 

Taste 

The ehemoreeeptors for taste are loeated in speeial- 
ized mieroseopie organs ealled taste buds. Most taste 
buds are loeated on the tongue in small, raised struc- 
mres ealled lingaal papillae (figure 9.4), though some ean 
be found in areas such as the soft palate, pharynx, and 
esophagus. 

A taste bud eonsists of a bulblike arrangement of rap- 
idly adapting taste reeeptors, ealled gastatory epithelial 
eells, loeated within the epithelium of the lingual papil- 
lae. The taste bud possesses an opening ealled a taste pore. 
Taste reeeptors have hairlike projeetions ealled gastatorg 
hairs that extend through the pore and are exposed to 


ehemieals on the tongue. Sensory axons leading to the 
brain are eonneeted to the opposite end of the taste reeep- 
tors. In order to aetivate the taste reeeptors, a substance 
must be dissolved in a liquid such as saliva. 

There are five eonfirmed basie tastes that ean be 
deteeted by the tongue: sweet, sour, salty, bitter, and 
umami (savory). The reeeptors for eaeh basie taste are 
loeated aeross the tongue surface, which disproves the 
earlier belief that the basie tastes were mapped to speeifie 
regions of the tongue. It is probable that other substances, 
such as fats and Ca^\ will be added as basie tastes in the 
near future as a result of ongoing taste researeh. It has 
been suggested that water is also a basie taste; however, 
not enough experimental data has been produced to sup- 
port this elaim. The many flavor sensations of food result 
from the stimulation of one or more taste reeeptors and, 
more importantly, the aetivation of olfaetory reeeptors 
discussed in the next seetion. 
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Figure 9.4 (a) Taste buds are loeated on lingual papillae of the tongue. (b) A taste bud eontains taste reeeptors 
whose gustatory hairs protrude through the taste pore. (e) Photomierograph of a taste bud. 15^1^3 
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The pathway of nerve impnlses from taste reeep- 
tors to the brain depends on where the taste reeeptors 
are loeated. Nerve impnlses ereated by taste reeeptors on 
the anterior two-thirds of the tongne are earried by the 
faeial nerve (CN VII), while those ereated on the posterior 
one-third travel over the glossopharyngeal nerve (CN IX). 
Nerve impnlses ereated at the base of the tongne are ear- 
ried by the vagns nerve (CN X). These eranial nerves earry 
the nerve impnlses to the mednlla oblongata, from which 
the nerve impnlses travel to the thalamns and on to the 
taste areas in the parietal lobes of the eerebrnm. 

Smell 

The olfaetory (ò-I-fak'-tò-rè) reeeptors are loeated in 
the snperior portion of the nasal eavity, inelnding the 
snperior nasal eonehae and nasal sepmm. The olfaetory 
reeeptors, also ealled olfaetory sensory nemons, are sur- 
rounded by the snpporting epithelial eells of the olfae- 
tory epithelinm. The distal ends of the olfaetory reeeptors 
are eovered with eilia that projeet into the nasal eavity, 
where they ean eontaet airborne moleenles. ehemieals 
in inhaled air are in a gaseons state and must dissolve 
in the mucus layer eovering the olfaetory epithelinm in 


order to stimnlate nerve impnlse formation (figure 9.5). 
The nerve impnlses are earried by axons of the olfaetory 
reeeptors, which form the olfaetory nerves (CN I), to the 
olfaetory bulbs. Here they synapse with nenrons that 
form the olfaetory traet and relay the nerve impnlses to 
the olfaetory areas deep within the temporal lobes and at 
the bases of the frontal lobes of the eerebrnm. 

It is eommon for a person to sniff the air when try- 
ing to deteet faint odors. This is beeanse the olfaetory 
reeeptors are loeated snperior to the usual path of inhaled 
air and additional foree is needed to send larger amonnts 
of air over the olfaetory epithelinm. Like taste reeeptors, 
olfaetory reeeptors rapidly adapt to a partienlar stimulus. 

The human olfaetory epithelinm possesses approxi- 
mately 350 fnnetional types of olfaetory reeeptors. How- 
ever, the average person ean distinguish between 2,000 
and 4,000 different odors. The ability to deteet so many 
types of odors largely depends upon how the temporal 
lobes proeess the nerve impnlses from varions eombi- 
nations of olfaetory reeeptors. Smdies have shown that 
women ean deteet, diseern, and identify a wider range 
of odors than men. It is also possible with training to 
enhanee your olfaetory ability and potentially diseern up 
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Figure 9.5 Olfaetory reeeptors are loeated between supporting epithelial eells in the superior portion of the nasal 
eavity. 
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The ability to distinguish various foods relies pre- 
dominantly on the sense of smell. This explains 
why foods seem to have little taste for a person 
who is suffering from a head eold. The taste and 
smell of appetizing foods prepare the digestive 
traet for digestion by stimulating the flow of saliva 
in the mouth and gastrie juice in the stomaeh. 


to 10,000 different odors, an ability important for those 
in the wine indnstry. The deerease in odor deteetion that 
oeenrs with age, which is why the elderly tend to use 
more eologne and perhime, is a result of reeeptor loss 
and desensitization rather than temporal lobe dysfnne- 
tion. Researeh snggests that the olfaetory epithelinm is 
eapable of deteeting human pheromones. Human phero- 
mones, which have been found in apoerine sweat and 
vaginal seeretions, have been shown to have inflnenee 
over reprodnetive hmetions. For example, pheromones 
from one female have been shown to lengthen or shorten 
the menstrnal eyele of exposed females. The olfaetory 
epithelinm is also highly regenerative owing to its direet 
exposure to the external environment. On average, 
an olfaetory reeeptor lives only approximately 60 days 
before being replaeed. 



eheek 



IJnderstanding 



4. Where are taste and olfaetory reeeptors loeated? 

5. How are the five basie taste sensations prodneed? 

V___ J 


Hearing 

The ear is the organ of hearing. It is also the organ of 
equilibrium. The ear is subdivided into three major parts: 
the external ear, middle ear, and internal ear (figure 9.6). 
Table 9.2 summarizes the structures of the ear and their 
hmetions. 


External Ear 

The external ear eonsists of two parts: the anriele and the 
external aeonstie meams. The aariele (pinna) is the hmnel- 
like structure eomposed primarily of eartilage and skin 
that is attaehed to the side of the head. The external 
aeonstie meatns is a short mbe that extends from the 
anriele throngh the temporal bone to the eardmm. Sound 
waves striking the anriele are ehanneled into the exter- 
nal aeonstie meams. Cerumen (earwax) and hairs in the 
external aeonstie meatus help to prevent foreign partieles 
from reaehing the eardmm. 


Middle 



[APlRl 


The middle ear, or tympanie (tim-pan'-ik) eavity, is an 
air-filled spaee within the temporal bone. The tympanie 
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Figure 9.6 Anatomy of the Ear. IàpIfO 
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membrane, auditory mbe, and auditory ossieles are parts 
of the middle ear. The tympanie membrane, or ear- 
drum, separates the tympanie eavity from the external 
acoustic meams. The tympanie membrane is eovered with 
skin externally and 
Sound waves, or air pressure waves, entering the external 
acoustic meams cause the tympanie membrane to vibrate 
in and out at the same frequency as the sound waves. 

The aaditory (eustachian) tube eonneets the tym- 
panie eavity with the pharynx. Its function is to keep the air 
pressure within the tympanie eavity the same as the exter- 
nal air pressure by allowing air to enter or exit the tym- 
panie eavity. Equal air pressure on eaeh side of the tympanie 
membrane is essential for the tympanie membrane to func- 
tion properly. A valve at the pharyngeal end of the mbe 
is usually elosed but it opens when a person swallows or 
yawns to allow air pressure to equalize. If you have expe- 
rieneed a rapid ehange in air pressure, you probably have 
notieed your ears ''popping’' as the air pressure is equalized 
and the tympanie membrane snaps baek into plaee. 

The auditory ossìeles (os'-si-kulz) are three tiny 
bones that articulate to form a lever system from the tym- 
panie membrane, aeross the tympanie eavity, to the inter- 
nal ear. Eaeh ossiele is named for its shape. The tip of the 
''handle'' of the club-shaped mallens (mal'-è-us), or ham- 
mer, is attaehed to the tympanie membrane and its head 
articulates with the inens (ing'-kus), or anvil. The base of 
the incus articulates with the stapes (sta'-pez), or stirrup, 
whose foot plate is inserted into the oval window of the 
internal ear. 


by a mucous membrane internally. 


The vibrations of the tympanie membrane cause 
eorresponding movements of the ossieles, which result 
in the stapes vibrating in the oval window. In this way, 
vibrations of the tympanie membrane are transmitted 
to the fluid-filled internal ear. Due to the size differenee 
between the larger tympanie membrane and the smaller 
oval window, vibrations are amplified by the ossieles. 

Internal Ear 

The internal ear is embedded in the temporal bone. It 
eonsists of two series of eonneeting mbes and ehambers, 
one within the other: an external bony labyrinth (lab'- 
i-rinth) and an internal membranoas labyrinth. The two 
labyrinths are similar in shape (figure 9.7). The spaee 
between the bony and membranous labyrinths is filled 
with perilymph, whereas the membranous labyrinth 
eontains endolymph. These fluids play important roles in 
the hinetions of the internal ear. The internal ear has three 
major parts: the eoehlea, vestibule, and semicircular eanals. 

The eoehlea (kok'-lè-ah) is the eoiled portion of the 
internal ear. When viewed in eross seetion, as in figure 9.8, 
it ean be seen that the eoehlea is eomposed of three eham- 
bers that are separated from eaeh other by membranes. 
The seala vestibali (skà-la ves-tib'-u-li) and the seala tym- 
pani, both eomponents of the bony labyrinth, extend the 
length of the eoehlea and are continuous with eaeh other 
at the apex of the eoehlea. The seala vestibuli continues 
into the vestibule, which houses the membrane-eovered 
oval ivindoiv. The seala tympani extends toward the ves- 
tibule, ending at the membrane-eovered ronnd ivindoiv. 
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Figure 9.7 The bony (orange) and membranoos (purple) labyrinths of the internal ear. Perilymph fills the spaee 
between the membranous labyrinth and the bony labyrinth. Endolymph fills the membranous labyrinth. Note that the 
ampullae of the semicircular eanals, utricle, saccule, and eoehlear duct are portions of the membranous labyrinth. 
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Figure 9.8 (a) A eross seetion of the eoehlea shovvs the eoehlear duct loeated betvveen the seala vestibuli and the 
seala tympani and the spiral organ resting on the basilar membrane. (b) Detail of the spiral organ shovvs the teetorial 
membrane overlying the eoehlear hair eells. (e) Photomierograph of spiral organ. lÀPlR] 


The eoehlear duct, which is part of the membranous 
labyrinth, extends nearly to the apex of the eoehlea (see 
figure 9.7). As shown in figure 9.8, it is separated from the 
seala vestibuli by the vestibalar membrane and from the seala 
tympani by the basìlar membrane. The basilar membrane 
eontains about 20,000 eross fibers that gradually inerease in 
length from the base to the apex of the eoehlea. The attaeh- 
ment of the basilar membrane to the bony eenter of the 
eoehlea allows it to vibrate like the reeds of a harmoniea 
when aetivated by vibrations generated by sound. 

The spìral organ (organ of Corti), which eontains 
the sensory reeeptors for sound stimuli, supported by the 


basilar membrane within the eoehlear duct. The sensory 
reeeptors are ealled eoehlear hair eells, and they have 
hairlike stereoeilia extending from their free surfaces toward 
the overlying teetorial (tek-to'-rè-al) membrane. Axons of the 
eoehlear braneh of the vestibulocochlear nerve (CN Vlll) 
exit the eoehlear hair eells and lead to the brain. 

Physiology of Hearing 

The human ear is able to deteet sound waves with frequen- 
eies ranging from near 20 to 20,000 Hertz (Hz; vibrations 
per seeond), but hearing is most acute between 2,000 
and 3,000 Hz. For hearing to occur, vibrations formed by 
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Table 9.2 Summary of Ear Function 

Structure Function 


Extemaí Ear 

Auricle 

External acoustic meatus 
Tympanie membrane 

Middle Ear 

Tympanie eavity 
Aaditory ossieles 

Auditory tube 

Internal Ear 

Goehlea 

Saccule 

LJtriele 

Semicircular eanals 


ehannels sound vvaves into external acoustic meatus 
Direets sound vvaves to tympanie membrane 
Vibrates vvhen struck by sound vvaves 

Air-filled spaee that allovvs tympanie membrane to vibrate freely vvhen struck by sound vvaves 

Transmit and amplify vibrations produced by sound vvaves from the tympanie membrane to 
the perilymph vvithin the eoehlea 

Equalizes air pressure on eaeh side of tympanie membrane 


Eluids and membranes transmit vibrations initiated by sound vvaves to the spiral organ, 
vvhose eoehlear hair eells generate nerve impulses assoeiated vvith hearing 

Vestibular hair eells of the macula form nerve impulses assoeiated vvith statie and dynamie 
equilibrium 

Vestibular hair eells of the macula form nerve impulses assoeiated vvith statie and dynamie 
equilibrium 

Vestibular hair eells of the erista ampullaris form nerve impulses assoeiated vvith dynamie 
equilibrium 


sound waves must be transmitted to the eoehlear hair 
eells of the spiral organ. Then, the eoehlear hair eells form 
nerve impnlses that are transmitted to the hearing areas 
of the eerebrnm for interpretation as sound sensations. 

Figure 9.9 shows the structure of the internal ear 
with the eoehlea nneoiled to show more elearly the rela- 
tionships of its parts. Refer to this figure as you smdy the 
following ontline of hearing physiology. 

1. Sound waves enter the external aeonstie meams 
and strike the tympanie membrane, eansing 

it to vibrate in and out at the same frequency 
and eomparable intensity to the sound waves. 

Loud sounds cause a greater displaeement of the 
tympanie membrane than do soft sounds. 

2. Vibration of the tympanie membrane causes 
movement of the anditory ossieles, resnlting in 
the in-and-out vibration of the stapes in the oval 
window. 

3. The vibration of the stapes causes a eorresponding 
oseillatory (baek-and-forth) movement of the 
perilymph in the seala vestibnli and seala tympani 
and a eorresponding movement of the membrane 
over the round window. This movement of the 
perilymph causes vibrations in the vestibnlar and 
basilar membranes. 

4. The vibration of the basilar membrane causes the 
stereoeilia of the eoehlear hair eells to eontaet the 
teetorial membrane, which stimnlates the forma- 
tion of nerve impnlses by the eoehlear hair eells. 


5. Nerve impnlses formed by the eoehlear hair 
eells are earried by the eoehlear braneh of the 
vestibnloeoehlear nerve to the hearing areas of 
the temporal lobes of the eerebrnm, where the 
sensation is interpreted. Some of the axons eross 
over to the opposite side of the brain so that the 
hearing areas in eaeh temporal lobe interprets 
nerve impnlses originating in eaeh ear. ÍAPlRl 

Piteh and Loadness 

Beeanse of the gradnally inereasing length of the fibers in 
the basilar membrane, different portions of the basilar mem- 
brane vibrate in aeeordanee with the different frequencies 
(piteh) of sound waves. Low-pitched sounds cause the lon- 
ger fibers of the membrane near the apex of the eoehlea to 
vibrate, and high-pitehed sounds aetivate the shorter fibers 
of the membrane near the base of the eoehlea. The piteh of 
a sound sensation is determined by the portion of the basi- 
lar membrane and the spiral organ that are aetivated by the 
speeifie sound frequency and by the parts of the hearing 
areas that reeeive the nerve impnlses. Nerve impnlses from 
different regions of the spiral organ go to slightly different 
portions of the hearing areas in the brain, which causes 
them to be interpreted as different pitehes. 

The londness of the sound is dependent upon the 
intensity of the vibration of the basilar membrane and spi- 
ral organ, which, in turn, determines the frequency of nerve 
impnlse formation. The greater the frequency of nerve 
impnlses sent to the brain, the louder the sound sensation. 
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Figure 9.9 Transmission of vibrations produced by sound vvaves. Vibrations of the tympanie membrane are earried 
by the auditory ossieles to the perilymph. Oseillating movements of the perilymph cause the vibration of the basilar 
membrane and spiral organ, vvhieh, in turn, results in the formation of nerve impulses by the eoehlear hair eells. 



eheek 



IJnderstanding 



6. How do sound waves stimulate the formation of 
nerve impnlses? 

7. How are piteh and londness of a sound determined? 

V___ J 


Equilibrium 

Several types of sensory reeeptors provide information 
to the brain for the maintenanee of equilibrium. The 
eyes and proprioeeptors in joints, tendons, and muscles 
are important in informing the brain about equilibrium 
and the position and movement of body parts. However, 
unique reeeptors in the internal ear are erneial in moni- 
toring two types of equilibrium. Statie equilibrium 
involves the movement of the head with respeet to gravi- 
tational foree. Dynamie equilibrium involves linear 
aeeeleration in both horizontal and vertieal direetions, in 
addition to the rotational movement of the head. 

Statie Equilibrium 

The macula (mak'-u-lah; plural maealaé), an organ of statie 
equilibrium, is loeated within the utricle (u'-tri-kul) and 
the saccule (sak'-ul), enlarged portions of the membra- 
nous labyrinth within the vestibule (see figure 9.7). Eaeh 
macula eontains thousands of sensory reeeptors ealled 
vestibalar hair eells that possess hairlike stereoeilia embed- 
ded in a gelatinous material. Otoliths (ò'-to-liths), erystals 


of calcium earbonate, are also embedded in the gelatinous 
mass. The otoliths inerease the weight of the gelatinous 
mass and make it more responsive to the pull of gravity 
(figure 9.10). 

The meehanism of statie equilibrium may be sum- 
marized as follows: 

1. ehanges in head position cause gravity to pull on the 
gelatinous mass, which bends the stereoeilia. This 
ehange stimulates the vestibular hair eells to form 
nerve impulses that are earried by the vestibular 
braneh of the vestibulocochlear nerve to the brain. No 
matter the position of the head, nerve impulses are 
formed that inform the brain of the head's position. 

2. The cerebellum uses this information to maintain 
statie equilibrium subconsciously. 

3. Our awareness of statie equilibrium results when 
the nerve impulses are interpreted by the eerebrnm. 

Dynamie Equilibrium 

The maculae in the utricle and saccule also sense linear 
aeeeleration in both the horizontal and vertieal direetions. 
The meehanism is similar to that used to deteet ehanges 
in statie equilibrium. When the head aeeelerates either 
vertieally or horizontally, inertia of the gelatinous mass 
causes the stereoeilia of the vestibular hair eells to bend. 
When motion ends, the gelatinous mass continues to 
move for a moment, which bends the stereoeilia in the 
opposite direetion. The ehanges in stereoeilia movement 
alert the brain to ehanges in veloeity. 
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Figure 9.10 A macula is a sensory reeeptor for statie equilibrium. Note how flexion of the head causes bending of 
the stereoeilia of vestibular hair eells. 


The membranous labyrinths of the semicircular 
eanals eontain the sensory reeeptors that deteet rota- 
tional motion of the head. Examine figure 9.7 and note 
that the semieirenlar eanals are arranged at right angles to 
eaeh other so that eaeh oeenpies a different plane in spaee, 
ronghly equal to the frontal, sagittal, and transverse planes. 

Near the attaehment of eaeh membranons eanal 
to the ntriele is an enlarged region ealled the ampnlla 
(am-p" nl'-lah). Eaeh ampnlla eontains a sensory organ 
for dynamie equilibrium ealled the erista ampullaris 
(kris'-ta am-pul-lar'-is). Eaeh erista ampullaris eontains a 
number of vestibular hair eells, whose stereoeilia extend 
into a dome-shaped gelatinons mass ealled the ampallary 
eapala. Axons of the vestibnlar braneh of the vestibnlo- 
eoehlear nerve lead from the vestibnlar hair eells to the 
brain (figure 9.11). 

The meehanism for deteeting rotational movement 
may be deseribed as follows: 


1. When the head is mrned, the endolymph pushes 
against the ampnllary cupula, bending the stereo- 
eilia of vestibnlar hair eells, which stimnlates the 
formation of nerve impnlses. The nerve impnlses are 
earried to the brain via the vestibnlar braneh of the 
vestibnloeoehlear nerve. 

2. Beeanse eaeh semieirenlar eanal is oriented in 

a different plane, the vestibnlar hair eells of the 
eristae are not stimnlated equally with a given 
head movement. Thus, the brain reeeives a differ- 
ent pattern of nerve impnlses for eaeh type of head 
movement. 

3. The eerebellnm uses the nerve impnlses to make 
adjnstments below the eonseions level to maintain 
dynamie equilibrium. 

4. Awareness of rotational movement, or laek of it, 
resnlts from the eerebrnm interpreting the pattern 
of nerve impnlses it reeeives (figure 9.11). 
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Figure 9.11 Deteetion of Rotational Movement. 

(a) When the head is upright and stationary, (b) the erista ampullaris is upright. (e) When the head is rotated, (d) the 
endolymph bends the cupula in the opposite direetion, stimulating the vestibular hair eells to form nerve impulses. 



eheek 



Understandinq 



8. What structures are involved in statie and 
dynamie equilibrium? 

9. What are the meehanisms of statie and dynamie 
equilibrium? 

\___ J 


Yision 

Vision is one of the most important senses supplying 
information to the brain. The sensory reeeptors for light 
stimuli are loeated vtithin the eyes (or eyeballs), the organs 


of vision. The eyes are loeated within the orbits, where 
they are proteeted by seven skull bones (see ehapter 6). 
Gonneetive tissues provide support and proteetive cush- 
ioning for the eyes. 

Eyelids, Eyelashes, and Eyebrows 

The exposed anterior surface of the eye is proteeted by 
the eyelids. Blinking spreads tears and mucus over the 
anterior eye surface to keep it moist. The internal surface 
of eaeh eyelid is lined with a mucous membrane ealled 
the conjunctiva (kon-junk-ti'-vah), which continues 
aeross the anterior surface of the eye. Only its transpar- 
ent superficial epithelium eovers the eornea. Mucus from 
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the conjunctiva helps to lubricate the eye and keep it 
moist. The eonjnnetiva also eontains many blood vessels 
and noeieeptors. 

Eyelashes help to keep airborne partieles from reaeh- 
ing the eye snrfaee and provide some proteetion from 
excessive light. Eyebroivs, loeated on the brow ridges, also 
shield the eyes from overhead light and divert sweat from 
the eyes. Observe the aeeessory strnemres in figure 9.12. 


Laerimal Apparatas 

The laerìmal (lak'-ri-mal) apparatus, shown in figure 9.13, 
is involved in the prodnetion and removal of tears. Tears 
are seereted continuously by the laerìmal gland, which 
is loeated in the snperior, lateral part of eaeh orbit. Tears 
are earried to the snrfaee of the eye by a series of tiny 
excretory daets. The tears flow inferiorly and medially 
aeross the eye snrfaee as they are spread over the eye sur- 
faee by blinking. Onee eolleeted at the medial eorner of 
the eye by the laerimal eanalieali, tears flow into the lae- 
rimal sae, and flow on throngh the nasolaerimal duct into 
the nasal eavity. 

Tears perform an important fnnetion in keeping the 
anterior snrfaee of the eye moist and in washing away 
foreign partieles. An antibaeterial enzyme (lysozyme) in 
tears helps to reduce the ehanee of eye infeetions. 
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Extrinsic Maseles 

Movement of the eyes must be preeise and in unison to 
enable good vision. Eaeh eye is moved by six extrinsic 
mnseles of the eyeball that originate from the poste- 
rior of the orbit and insert on the snrfaee of the eye. Four 
muscles exert a direet pull on the eye, but two muscles 
pass through cartilaginous loops, enabling them to exert 
an oblique pull on the eyeball. Althongh eaeh muscle has 
its own aetion, these mnseles fnnetion as a eoordinated 
group to enable eye movements. The loeations and func- 
tions of these mnseles are shown in figure 9.14. 
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Figure 9.13 The laerimal apparatos eonsists of a 
tear-seereting laerimal gland and a series of ducts. 
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Figure 9.12 Aeeessory structures and the anterior 
portion of the eye as shown in a sagittal seetion. 


Figure 9.14 Six extrinsic muscles move the eyeball, 
and the levator palpebrae superioris raises the superior 
eyelid. The medial rectus, which is not shown in the 
image, turns the eye medially. lAPl^ 
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Check 



IJnderstanding 


10. What are the fnnetions of the aeeessory 
structures of the eye? 

11. Why does erying leads to a runny nose? 


Structure of the Eye 

The eye is a hollow, spherieal organ about 2.5 em (1 in) 
in diameter. It has a wall eomposed of three layers and 
internal spaees filled with fluids that support the walls 
and maintain the shape of the eye. The major parts of the 
eye are shown in figure 9.15. 

External Layer The external layer of the eye eonsists of 
two parts: the selera and the eornea. The selera (skle'-rah) 
is the opaque, white portion of the eye that forms most 
of the external layer. The selera is a tough, fibrous layer 
that provides proteetion for the delieate internal portions 
of the eye and for the optie nerve (CN 11), which emerges 
from the posterior portion of the eye. The anterior portion 
of the selera is eovered by the eonjnnetiva. The eornea 


(kor'-nè-ah) is the anterior elear window of the eye. It has 
a greater convex enrvamre than the rest of the eyeball so 
that it ean bend light rays as they pass throngh it. It laeks 
blood vessels and nerves that would bloek light rays from 
entering the eye. 

Middle Layer The middle layer inelndes the ehoroid, 
eiliary body, and iris. The ehoroid (kó'-roid), which is 
found in all but the anteriormost portion of the layer, 
eontains blood vessels that nonrish the eye and large 
amonnts of melanin. The absorption of light by melanin 
prevents baek-seattering of light, which would impair 
vision. The eiliary (sil'-è-ar-è) body eontains the eiliary 
mnseles and forms a ring around the lens just anterior 
to the ehoroid. The eiliary zonale eontains fibrons strands 
that extend from the eiliary body to the lens and hold the 
lens in plaee. Gontraetion and relaxation of eiliary mnseles 
ehange the shape of the lens. 

Althongh entering light rays are bent by the eornea, 
it is the lens that foenses light rays preeisely on the retina. 
The transparent, somewhat elastie lens is eomposed of pro- 
tein fibers and laeks blood vessels and nerves that would 
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Figure 9.15 The structure of the left eye in transverse seetion. 





























210 ehapter 9 Senses 


bloek the passage of light rays. Contraction and relaxation 
of the eiliary mnseles ehange the shape of the lens in a 
proeess ealled aeeommodation (fignre 9.16). Gontrae- 
tion of the eiliary mnseles relaxes the fibrons strands in 
the eiliary zonnle and allows the lens to beeome more 
spherieal in shape. The relaxation of the eiliary mnseles 
inereases tension on the fibrons strands of the eiliary zon- 
ule and causes the lens to take on a more flattened shape. 
In this way, the shape of the lens is adjnsted for distant, 
intermediate, and near vision so that the image is foensed 
preeisely on the retina. 

The eolored portion of the eye is the iris, a thin dise 
of eonneetive tissue and smooth muscle that extends from 
the eiliary body anterior to the lens. The iris eontrols the 
amount of light entering the eye by eontrolling the size of 
the pupil. The pupil is the opening in the eenter of the iris 
throngh which light passes to the lens. Its size is eonstantly 
adjnsted by the iris as lighting eonditions ehange. The pupil 
is eonstrieted in bright light and is dilated in dim light. 
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Figure 9.16 Foeosing of light rays on the retina by the 
lens in distanee vision and near vision. Note how the 
lens ehanges shape in aeeommodation. 


Internal Layer The filmlike retina (ret'-i-nah) lines the 
internal snrfaee of the eye posterior to the eiliary body. The 
retina eontains two types of photoreeeptor eells: rods and 
eones. Rod and eone anatomy ean be seen in figure 9.17. 
The thin, elongate rods are photoreeeptors for blaek and 
white vision beeanse they are sensitive only to the pres- 
enee of light. The shorter and thieker eones are photore- 
eeptors for eolor vision. Beeanse eones require bright light 
to hmetion, only rods allow us to see in dim light. 

The maenla (mak'-u-lah) is a yellowish dise on 
the retina direetly posterior to the lens. In the eenter of 
the macula, there is a small depression ealled the fovea 
eentralis (fo'-ve-ah sen-trah'-lis). The fovea eentralis eon- 
tains densely paeked eones, making it the area for the 
sharpest eolor vision. The density of the eones deereases 
with inereased distanee from the fovea. Rods, which are 
absent from the fovea, inerease in density with inereased 
distanee from the fovea. Therefore, dim-light vision is best 
at the edge of the visual field (figure 9.18; see figure 9.15). 
It is important to remember that the macula on the retina 
is strnemrally and hmetionally different from the maenlae 
within the internal ear. 

The retina eontains nenrons in addition to rods and 
eones (see figure 9.17). Nerve impulses formed by rods 
and eones are transmitted to retinal ganglion eells, whose 
axons eonverge at the optie dise to form the optie nerve. 
The optie dise is loeated medial to the fovea. Beeanse the 
optie dise laeks photoreeeptors, it is also known as the 
'Tlind spot.'' However, we usually do not notiee a blind 
spot in our field of vision beeanse the visual fields of our 
eyes overlap. 

An artery enters the eye and a vein exits the eye via 
the optie dise. These blood vessels are continuous with 
eapillaries that nourish the internal tissnes of the eye and 
are the only blood vessels in the body that ean be viewed 
direetly. A speeial instrnment ealled an ophthalmoseope 
(of-thal'-mó-skòp) is used to look through the lens and 
observe these vessels. Figure 9.18 shows the appear- 
anee of blood vessels and the retina as viewed with an 
ophthalmoseope. 



Check My IJnderstanding - 

12. How are the eomponents of the three layers of 
the eye involved in vision? 


J 


Internal Cavities The spaee between the eornea and 
the iris is known as the anterior ehamber, which is filled 
with a watery fluid ealled aqueous (à'-kwè-us) humor. 
The small posterior ehamber, loeated between the iris 
and lens, is also filled with aqueous humor. The aqueous 
humor is filtered out of eapillaries in the eiliary body, 
flows throngh the posterior ehamber into the anterior 
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Figure 9.17 The retina eonsists of several eell 
layers. 


ehamber, and is reabsorbed into blood vessels loeated at 
the jnnetion of the selera and eornea. Aqueous humor 
is largely responsible for the internal pressnre vvithin 
the eye and the normal shape of the eornea. The aque- 
ous humor also provides nourishment to the eornea 
and lens. Normally, it is seereted and absorbed at the 
same rate so that intraoenlar pressnre is maintained at a 
eonstant level. 

The large vitreous ehamber is loeated posterior to 
the lens. It is filled with a elear, gel-like snbstanee ealled 
the vitreous (vit'-rè-us) body. The vitreous body, which 
forms during embryonie development, is not reabsorbed 
or regenerated. The vitreons body presses the retina 
firmly against the wall of the eye and helps to maintain 
the shape of the eye. 

Table 9.3 snmmarizes the fnnetions of eye strnemres. 




Artery 


Veins 


Optie 

dise 


(b) 



-Fovea 
eentralis 

Macula 


Figure 9.18 (a) A photo of the retina and (b) a diagram 
of the retina showing the optie dise and fovea eentralis. 
Blood vessels enter and exit the eye at the optie dise. 
Axons exit the eye at the optie dise to form the optie 
nerve. The fovea eentralis eontains densely paeked 
eones for direet eolor vision. lÀPlR] 

Physiology of Vision 

Light rays eoming to the eye must be preeisely bent so 
that they are foensed on the retina. This bending of the 
light rays is ealled refraetion (rè-frak'-shun) and it is pro- 
duced by the eornea and lens. The convex snrfaee of the 
eornea prodnees the greatest refraetion of light rays, while 
fnrther bending (aeeommodation) by the lens provides a 
Tine adjnstmenT' so that the image is foensed preeisely 
on the retina. 

The opties of the eye cause the image to be inverted 
on the retina, as shown in figure 9.16. However, the visual 
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Table 9.3 Functions of Eye Structures 


Structure 

Function 

Extemal Layer 

Selera 

Provides proteetion and shape for eye 

Gornea 

Allows entranee of light and bends light rays 

Middle Layer 

ehoroid 

Gontains blood vessels that nourish deep structures and melanin that absorbs excessive light 

Gliary body 

Supports and ehanges shape of lens in aeeommodation; seeretes aqueous humor 

Iris 

Regulates amount of light entering eye by eontrolling the size of the pupil 

Internal Layer 

Retina 

Gontains photoreeeptors that eonvert light rays into nerve impulses: nerve impulses transmit- 
ted to brain via optie nerve (CN II) 

Other Structures 

Lens 

Bends light rays and focuses them on the retina 

Anterior ehamber 

Gontains the aqueous humor that eontrols intraocular pressure, maintains the shape of the 
eornea, provides nourishment to eornea and lens 

Posterior ehamber 

Reeeives the aqueous humor produced by the eiliary body 

Vitreous ehamber 

Gontains the vitreous body that maintains shape of the eye and holds retina against ehoroid 



Glaucoma results when the rate of absorption of 
aqueous humor is less than its rate of seeretion. 
This causes a builclup of intraocular pressure that, 
without treatment, ean eompress and elose the 
blood vessels nourishing the photoreeeptors of the 
retina. If this occurs, the photoreeeptors die and 
permanent blindness results. 

V___ J 


areas of the eerebral cortex eorreet for this inversion so 
that objeets are seen in their eorreet orientation. When 
images are ineorreetly foensed on the retina, poor vision 
resnlts. Fignre 9.19 shows eommon optieal disorders and 
how they may be eorreeted with glasses, eontaet lenses, 
or Lasik snrgery. 

When light rays strike the retina, the light stimnli 
must be eonverted into nerve impulses that are sent to 
the brain. Both rods and eones eontain light-sensitive pig- 
ments that break down into simpler snbstanees when 
light is absorbed. The breakdown of these pigments 
resnlts in the formation of nerve impnlses. 

Rods eontain a light-sensitive pigment ealled 
rhodopsin that breaks down into opsin, a protein, and 
retinal, which is derived from vitamin A. This breakdown 
triggers the formation of nerve impnlses that are earried 
via the optie nerve to the brain. Rhodopsin is resynthe- 
sized from opsin and retinal to prepare the rods for reeeiv- 
ing subsequent stimnli. A defieieney of vitamin A may 


result in an insnffieient amount of rhodopsin in the rods, 
which, in mrn, may lead to night blindness, the inability to 
see in dim light. 

Althongh the light-sensitive pigments are different 
in eones, they fnnetion in a similar way to rhodopsin. 
There are three different types of eones, and eaeh has a pig- 
ment that responds best to a different eolor (wavelength) 
of light. One type responds best to red light, another type 
responds best to green light, and the third type responds 
to blue light. The pereeived eolor of objeets results from 
the eombination of the eones that are stimnlated and the 
interpretation of the nerve impnlses that they form by 
the eerebral cortex. 

Nerve Pathway Nerve impnlses formed by the photo- 
reeeptors are transmitted via axons of the optie nerve to 
the brain. The optie nerves merge just anterior to the 
pimitary gland to form an X-shaped pattern ealled the 
optie ehìasma (ki'-as-mah) (figure 9.20). Within the optie 
ehiasma, the axons from the medial half of the retina in 
eaeh eye eross over to the opposite side. Thus, the medial 
axons of the left eye and the lateral axons of the right 
eye form the right optie traet leaving the optie ehiasma. 
Similarly, the medial axons of the right eye and the lat- 
eral axons of the left eye form the left optie traet leaving 
the optie ehiasma. The axons of the optie traets enter 
the thalamns, where they synapse with nenrons that 
earry the nerve impnlses on to the visual areas of the 
oeeipital lobes. 

The erossing of the medial axons resnlts in eaeh 
visual area reeeiving images of the entire objeet but from 
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Normal sight 

Rays focus on retina. 



No eorreetion is neeessary. 



Farsightedness 

Rays focus posterior to retina. 

(e) 



Convex lens eorreets 
farsightedness. 



Nearsightedness 

Rays focus anterior to retina. 

(b) 



Goneave lens eorreets 
nearsightedness. 




Visual impairment 

Rays do not focus on retina. 

(d) 


After Lasik surgery 

Rays focus on retina. 


Figure 9.19 Comparison of (a) normal 


sight, (b) nearsightedness (e) farsightedness, and (d) eyesight with Lasik surgery. 
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Figure 9.20 The Optie Nerve Pathway. IapI^ 
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slightly different views, which ereate stereoseopie (three- 
dimensional) vision. Depth pereeption is a resnlt of stereo- 
seopie vision. 

The meehanism of vision may be snmmarized as fol- 
lows (fignre 9.20): 

1. Light rays are bent as they pass throngh the eornea. 

2. The iris eontrols the amonnt of light passing 
throngh the pnpil. 

3. The eiliary body adjnsts the shape of the lens to 
foens the light rays (image) on the retina. 

4. Light absorbed by the rods and eones eanses the 
formation of nerve impnlses. 

5. The nerve impnlses are transmitted to nenrons 
whose axons eonverge at the optie dise to form 
the optie nerve. 

6. The medial axons of the optie nerves eross over 
at the optie ehiasma and merge with the lateral 
axons on that side to form the optie traets, which 
eontinne to the thalamns. 

7. The nerve impnlses are then earried to the vision 
areas in the oeeipital lobes of the eerebrnm, where 
they are interpreted as visnal images. 



eheek 



LJnderstanding 


13. How are light rays eonverted into visnal sensations? 



9.4 Disorders of The Speeial 
Senses 

Learning Objeetives 

11. Deseribe the eommon disorders of taste, smell, 
hearing, and vision. 

Disorders of Taste and Smell 

Ageusia is a loss of taste fnnetion, meaning there is no per- 
eeption of the five basie tastes, and is rare. Hypogeusia, 
or a redneed ability to taste, is more eommon and ean be 
eansed by zine defieieney and ehemotherapy. Dysgeusia, 
which is a distortion or impaired pereeption of taste, ean 
be eansed by taste bud distortion, pregnaney, diabetes, 
allergy medieations like albuterol, zine defieieney, and 
ehemotherapy. 

Anosmia is the inability to deteet odor. The loss 
ean be for one odor or all odors. It may also be permanent 
or temporary depending upon the cause. Typieal causes 
are inflammation of the nasal mucosa, bloekage of the 
nasal pathways, damage to the olfaetory nerve, or head 
trauma leading to temporal lobe damage. Hyposmia is a 
deerease in the ability to deteet odors. Hyposmia is eom- 
mon with advaneed age due to a deerease in olfaetory 
epithelinm regeneration or smoking. 


Dysosmia is distorted sense of smell. Parosmia, a 
type of dysosmia, occurs when an individnal has altered 
smell pereeption, meaning that something normally pleas- 
ant is pereeived as being nnpleasant. Phantosmia occurs 
when an individnal pereeives an odor that is not present. 
These phantom smells ean be elinieal signs of migraine, 
mood disorders, sehizophrenia, or epilepsy. 

Disorders of the Ear 

Deafness is a partial or total loss of hearing. The eoehlear 
hair eells of the spiral organ are easily damaged by high- 
intensity sounds, such as loud music and the noise of jet air- 
planes. Such damage produces a form of nerve deafness that 
may be partial or total, and it is permanent. Disorders of 
sound transmission by the tympanie membrane or anditory 
ossieles cause eondaetion deafness, which may be repairable 
by surgical means or overeome by the use of hearing aids. 

Labyrinthine disease is a term applied to disor- 
ders of the internal ear that prodnee symptoms of dizzi- 
ness, nausea, ringing in the ears (tinnitis), and hearing loss. 
It may be caused by an excess of endolymph, infeetion, 
allergy, trauma, circulation disorders, or aging. 

Motion siekness is a fnnetional disorder that is 
eharaeterized by nausea and is prodneed by repetitive 
stimnlation of the equilibrium reeeptors in the internal ear. 

Otitis media (ó-ti'-tis mé'-dé-ah) is an acute infee- 
tion of the tympanie eavity. It may cause severe pain and 
an outward bulging of the tympanie membrane due to 
accumulated fluids. Pathogens enter the middle ear from 
the pharynx via the anditory tube or through a perfo- 
rated tympanie membrane. Young ehildren are espeeially 
snseeptible beeanse their anditory tubes are short and 
horizontal, which aids the spread of baeteria from the 
pharynx to the tympanie eavity. 

Disorders of the Eye 

Astigmatism (a-stig'-mah-tizm) is the unequal focusing 
of light rays on the retina, which causes part of an image 
to appear blnrred. It resnlts from an unequal curvature of 
the eornea or lens. 

Blindness is partial loss or laek of vision. It may be 
caused by a number of disorders such as eataraet, glau- 
eoma, and detaehment or deterioration of the retina. It 
may also result from damage to the optie nerves or the 
visual eenters in the oeeipital lobes of the eerebrnm. 

Gataraet is elondiness or opaeity of the lens, which 
impairs or prevents vision. It is eommon in older people 
and is the leading cause of blindness. Snrgieal removal of 
the elonded lens and implantation of a plastie lens usually 
restores good vision. 

Color blìndness is the inability to pereeive eertain 
eolors or, more rarely, all eolors. Red-green eolor blind- 
ness, the most eommon type, is eharaeterized by diffi- 
culty distinguishing reds and greens due to the absenee 
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A Caucasian male, age 63, presented for a routine 
eye exam with eomplaints of a blurry spot in his een- 
tral vision and difficulty reading in dim light. Visual 
observation of his retinas with pupil dilation showed 
several medium-sized spots of drusen (yellow-white 
fatty protein deposits) in the macula of both eyes. The 
patient's tentative diagnosis was intermediate stage 
dry age-related macular degeneratìon (AMD). AMD 
manifests in two forms; wet (neovascular) macular 
degeneratìon and dry (non-neovascular) macular 
degeneratìon. DryAMD in the early stages involvesthe 
formation of small drusen in the maculae and is usually 
asymptomatie. Drusen number and size inereases dur- 
ing the intermediate stage, which often leads to blurry 
eentral vision and a need for brighter light to perform 
visual tasks (figure 9A). Wet AMD involves the growth 


of new vessels into the maculae that break easily and 
allow for fluid leakage. The resulting inflammation dam- 
ages the maculae and causes loss of eentral vision. A 
fluorescein angiogram, using a fluorescent dye injeeted 
into the bloodstream to photograph retinal blood vessels, 
deteeted no abnormal vessel growth in the maculae. 
Because dry AMD ean spontaneously beeome wet AMD, 
the man was instructed to monitor his eondition daily with 
an Amsler Grìd. The presenee of wavy or blurred lines 
when viewed is an indieation of the development of wet 
AMD. There is no cure currently for dry AMD. However, 
the man was plaeed on an AREDS Formula Eye Vitamin 
regime. The high levels of vitamin A, vitamin C, vitamin E, 
zine (zine oxide), and eopper (cupric oxide) in the supple- 
ment have been shown to deerease the risk of develop- 
ing advaneed AMP (dry or wet) by as much as 25%. 




Age-related Maoalar Degeneration 


(b) 



(d) 


Figure 9A Macular Degeneration. 

(a) Healthy vision. (b) Vision with macular degeneration. Appearanee of Amsler grid with (e) healthy vision and 
(d) macular degeneration. 
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of either red or green eones. Color blindness is inherited, 
and it oeenrs more often in males than in females beeanse 
it is a sex-linked hereditary trait. 

Conjunctivitis (con-junk-ti-vi'-tis) is inflammation 
of the conjunctiva. It may be caused by allergie reaetions, 
physieal or ehemieal causes, or infeetions. Inflammation 
that resnlts from a baeterial or viral infeetion is eom- 
monly ealled pink eye. Such baeterial infeetions are highly 
eontagions. 

Farsightedness (hyperopia) is blnrred vision caused 
by light rays being ineorreetly foensed posterior to the 
retina. Its causes include lens abnormalities and the eye 
being shorter than normal. 

Nearsightedness (myopia) is blnrred vision caused 
by light rays being ineorreetly foensed anterior to the 

ehapter Sommary 

9.1 Sensations 

• Eaeh type of sensory reeeptor is most sensitive to a par- 
tienlar type of stimnlns. 

• The five types of sensory reeeptors are thermoreeeptors, 
meehanoreeeptors, noeieeptors, ehemoreeeptors, and 
photoreeeptors. 

• Sensations resnlt from nerve impnlses formed by sensory 
reeeptors that are earried to the brain for interpretation. 

• Pereeption is the eonseions awareness of sensation that is 
ereated by the eerebral cortex. 

• A partienlar sensory area of the eerebral cortex interprets 
all nerve impnlses that it reeeives as the same type of 
sensation. 

• The brain projeets the sensation baek to the body region 
from which the nerve impnlses seem to have originated. 

• Sensory reeeptors for toneh, pressnre, warm, eold, taste, 
and smell adapt to repetitions stimnlaton by deereasing 
the rate of nerve impnlse formation. 

9.2 General Senses 

• Thermoreeeptors are loeated in the dermis of the skin. 
Warm reeeptors are loeated deeper than eold reeeptors. 

• Pressnre reeeptors are loeated in tendons and ligaments 
of joints and deep in the dermis of the skin. 

• There are four types of touch reeeptors. Taetile 
corpuscles in the snperfieial dermis are important for 
deteeting the onset of light touch in hairless areas. The 
hair root plexus deteets movement of a hair folliele. 
Taetile dises and taetile eells work together to deteet 
light touch, which is neeessary for reading braille. Free 
nerve endings have a seeondary role in deteeting touch 
sensations. 

• Baroreeeptors deteet stretehing in distensible internal 
organs to regnlate aetivities such as blood pressure and 
nrination. 

• Proprioeeptors in skeletal mnseles and tendons are involved 
in the maintenanee of ereet posmre and muscle tone. 


retina. Its causes include lens abnormalities and the eye 
being longer than normal. 

Presbyopia (prez-bé-ó'pé-ah) is the diminished abil- 
ity of the lens to aeeommodate for near vision due to a 
deerease in its elastieity. It is a namral result of aging. At 
age 20, an objeet ean be elearly observed about 10 em 
(4 in) from the eye. At age 60, an objeet must be about 
75 em (30 in) from the eye to be elearly observed. 

Retinoblastoma (ret-i-nó-blas-tó'-mah) is a eaneer 
of immarnre retinal eells. It eonstitntes about 2% of the 
eaneers in ehildren. 

Strabismns (strah-biz'-mus) is a disorder of the extrin- 
sie eye mnseles in which the eyes are not direeted toward 
the same objeet simultaneously. Treatment may inelnde 
eye exercises, eorreetive lenses, or eorreetive snrgery. 


• ehemoreeeptors are speeialized neurons that monitor 
body fluids for ehemieal ehanges. 

• Noeieeptors are free nerve endings that deteet painfnl 
stimnli. They are espeeially abnndant within the skin and 
viseeral organs and exhibit no adaptation as a proteetive 
meehanism. 

• Referred pain is pain from viseeral organs that is 
erroneonsly projeeted to the body wall or limbs. The 
pattern of referred pain is useful in diagnosing disorders 
of viseeral organs. 

9.3 Speeial Senses 

Taste 

• Taste reeeptors are loeated in taste buds, which are 
mostly loeated on lingnal papillae of the tongne. 

• There are five basie types of taste reeeptors: sour, sweet, 
salty, bitter, and umami. 

• ehemieals must be in solntion in order to stimnlate the 
taste reeeptors. 

• Nerve impnlses from taste reeeptors are earried by the 
faeial, glossopharyngeal, and vagus nerves to the brain. 

Smell 

• Olfaetory reeeptors are loeated within the olfaetory 
epithelinm of the snperior portion of the nasal eavity. 

• Airborne moleenles must be dissolved in the mucus 
layer eovering the olfaetory epithelinm to stimnlate 
the olfaetory reeeptors. 

• Nerve impnlses are earried by the olfaetory nerves to the 
olfaetory bulbs and then by the olfaetory traets to the brain. 

Hearing 

• The ear is snbdivided into the external, middle, and 
internal ear. 

• The external ear eonsists of (a) the anriele, which direets 
sound waves into the external aeonstie meatus; and 

(b) the external aeonstie meams, which ehannels sound 
waves to the tympanie membrane. 
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• The middle ear, or tympanie eavity, eonsists of (a) the 
tympanie membrane, which vibrates when strnek by 
sonnd waves; (b) the anditory mbe, which enables the 
equalization of air pressure on eaeh side of the tympanie 
membrane; and (e) the anditory ossieles, which transmit 
vibrations of the tympanie membrane to the oval 
window of the internal ear. 

• The internal ear is embedded in the temporal bone. It 
eonsists of (a) the membranons labyrinth, which is filled 
with endolymph, and lies within (b) the bony labyrinth, 
which is filled with perilymph. The major portions of the 
internal ear are the eoehlea, vestibnle, and semieirenlar 
eanals. 

• The eoehlear duct, part of the membranous labyrinth, is 
bordered by the vestibnlar and basilar membranes. The 
spiral organ on the basilar membrane within the eoehlear 
duct eontains the eoehlear hair eells, which are used to 
deteet the vibrations prodneed by sound waves. 

Sound waves vibrate the tympanie membrane. These 
vibrations are transmitted by the anditory ossieles to 
the oval window of the internal ear, which then sets up 
oseillatory movements of the perilymph in the eoehlea. 
The movements of the perilymph vibrate the basilar 
membrane and spiral organ, resnlting in the formation of 
nerve impnlses. 

• Nerve impnlses are earried to the brain by the eoehlear 
braneh of the vestibnloeoehlear nerve (CN VIII). 

Equilibrium 

Sensory reeeptors in joints, mnseles, eyes, and the 
internal ear send nerve impnlses to the brain that are 
assoeiated with equilibrium. 

• The maculae within the saeenle and ntriele eontain 
vestibnlar hair eells that are sensory reeeptors for statie 
equilibrium and linear aeeeleration, which is a type of 
dynamie equilibrium. 

• The eristae ampullaries within the ampnllae of the 
semieirenlar eanals eontain vestibnlar hair eells that are 
the sensory reeeptors for rotational movement of the 
head, which is a type of dynamie equilibrium. 

Vision 

• The eyes eontain the sensory reeeptors for vision. Aeees- 
sory organs inelnde the extrinsic mnseles of the eyeball, 
eyelids, eyelashes, eyebrows, and laerimal apparams. 

• The wall of the eye is eomposed of three layers. The 
external layer eonsists of (a) the selera, which snpports 


and proteets internal stmemres; and (b) the eornea, 
which allows light to enter the eye. The middle layer 
eonsists of (a) the darkly pigmented ehoroid, which 
eontains blood vessels to nonrish internal stmemres 
and melanin to absorb excess light; (b) the eiliary body, 
which ehanges the shape of the lens to focus light 
rays on the retina; and (e) the iris, which eontrols the 
amount of light entering the eye via the pupil. The 
internal layer eonsists of the retina, which eontains the 
photoreeeptors. 

• Fluids fill the eavities of the eye and give it shape. 
Aqueous humor fills the anterior and posterior ehambers 
and is primarily responsible for maintaining intraoenlar 
pressnre. The vitreons body fills the vitreons ehamber 
and helps to hold the retina against the ehoroid. 

• Light rays pass throngh the eornea, aqueous humor, lens, 
and vitreons body to reaeh the retina. Light rays are 
primarily refraeted by the eornea, but the lens foenses 
them on the retina. 

• The photoreeeptors are rods and eones. Rods are adapted 
for dim-light, blaek and white vision. Cones are adapted 
for bright-light, eolor vision. There are three types of 
eones based on the eolor of light that they primarily 
absorb: red, green, and blue. 

• Nerve impulses formed by the photoreeeptors are earried 
to the brain by the optie nerve (CN II). Axons from the 
medial half of eaeh eye eross over to the opposite side 

at the optie ehiasma. The optie traets eontinne from the 
optie ehiasma and earry nerve impnlses to the thalamns, 
which then relays the nerve impnlses to the oeeipital 
lobes of the eerebmm. 

• The slightly different retinal images of eaeh eye 
enable stereoseopie vision when the two images are 
snperimposed by the brain. 

9.4 Disorders of the Speeial Senses 

• Disorders of taste and smell inelnde agensia, hypogensia, 
dysgensia, anosmia, hypoosmia, dysosmia, parosmia, and 
phantosmia. 

• Disorders of the ears inelnde deafness, labyrinthine 
disease, motion siekness, and otitis media. 

• Disorders of the eyes inelnde age-related maenlar 
degeneration, astigmatism, blindness, eataraet, eolor 
blindness, eonjnnetivitis, farsightedness, nearsightedness, 
presbyopia, retinoblastoma, and strabismns. 


Self-Review 


Answers are loeated in appendix B. 

1. Movement of a hair folliele is deteeted by a_. 

2. Pain originating from viseeral organs but projeeted to 

parts of the body wall and limbs is ealled_. 

3. Sensory reeeptors for taste are loealized in bnlblike 

aggregations ealled_. 

4. _reeeptors are loeated in the epithelinm of the 

snperior nasal eavity. 


5. The deeline in nerve impnlse formation when a sensory 

reeeptor is repeatedly exposed to the same stimulus is 
ealled_. 

6. The eoehlea of the internal ear is involved in the sense 

of_, while the_,_, and_are 

involved in the sense of equilibrium. 

7. The membranous labyrinth is filled with a fluid 
ealled 
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8. The sensory reeeptors for hearing are loeated in the 

_, which is snpported by the_membrane 

within the eoehlear duct. 

9. Vibrations of the tympanie membrane are transmitted to 

the internal ear by the_. 

10. The sensory reeeptors for statie equilibrium are loeated 

in maenlae of the_and_. 

11. When light rays enter the eyes, they first are refraeted 

by the_and then are foensed on the retina by 

the 


12. The fovea eentralis eontains only_, which are 

sensory reeeptors for_vision. 

13. Mnseles within the_are responsible for ehanging 

the shape of the lens. 

14. The retina is pressed against the ehoroid by the_ 

in the vitreons ehamber. 

15. The medial axons of the optie nerve eross over at 

the 


Gritieal Thinkin 


1. Why ean loud noises, such as music in a ear or a jaekhammer, lead to hearing loss over time? 

2. Explain the benefits of sensory adaptation. 

3. Free nerve endings are the most abnndant sensory reeeptors in the body. How is this benefieial? 

4. Will a hearing aid improve hearing in both neural and eondnetion deafness? Explain. 

5. Lasik snrgery, which is used to eliminate nearsightedness, ehanges the shape of the eornea. How does this improve vision when 
the problem is caused by the shape of the lens or eyeball? 
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Katherine, an endoerinologist in Los Angeles, has just finished 
vvith her last patient of the day and is headed off to her daily 
yoga elass. An endoerinologist is a doetor who speeializes 
in treating patients with hormonal imbalanees. As she drives 
through traffie, she finds it amusing that the praetiee of yoga 
is a good metaphor for the endoerine system. That must be 
why she enjoys it so much. The ability to successfully maintain 
and ehange yoga positions requires focused eontrol and 
eoordination over muscle eontraetion and relaxation throughout 
every area of the body. If balanee is lost at any time, the yoga 
position is lost and the person will fall, even possibly beeome 
injured. The endoerine system functions in a similar fashion to 
maintain the body's homeostasis. Many glands work in eoneert, 
releasing hormones in preeise amounts and with perfeet timing, 
to maintain the health and balanee of a human being. If even 
one of those hormones is produced ineorreetly, the entire body 
ean be thmst out of balanee. Loss of balanee within the body 
ean be debilitating, which is why Katherine knows her medieal 
praetiee provides such a valuable serviee. 
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SELEGTED KEY TERMS 


Endoerine gland (endo = within; 
erin = seerete) A dnetless gland 
whose seeretions diffnse into the 
blood for distribntion. 

Gene expression The use of DNA 
to promote protein synthesis. 
Hormone (hormon = to set in 
motion) A ehemieal messenger 
seereted by an endoerine gland. 
Hyperseeretion (hyper = above) 
Production of an excessive amount 
of a seeretion. 

Hyposeeretion (hypo = below) 
Prodnetion of an insnffieient 
amount of seeretion. 


Negative-feedbaek meehanism 

A meehanism that remrns a eondi- 
tion to its healthy state, thereby 
maintaining homeostasis. 
Paraerine signal (para = near) 
Loeal ehemieal signal that affeets 
targets eells within the same tissue 
from which it is produced. 
Positive-feedbaek meehanism 
A meehanism that amplifies a 
eondition and moves it away from 
homeostasis. 


Prostaglandin A elass of ehemieals 
that prodnee a response in nearby 
eells. 

Seeond messenger An intraeellnlar 
snbstanee, aetivated by a nonsteroid 
hormone, that prodnees the speeifie 
eellnlar effeet assoeiated with the 
hormone. 

Target eell A eell whose fnnetions 
are affeeted by a speeifie hormone. 


TWOINTERRELATED REGDLATORYSYSTEMS eoordinate 

body fnnetions and maintain homeostasis: the nervons 
system and the endoerine (en'-do-krin) system. LJnlike the 
almost instantaneons eoordination by the nervons system, 
the endoerine system provides slower but longer-lasting 
eoordination. The endoerine system eonsists of eells, tis- 
sues, and organs, eolleetively ealled endoerine glands, 
that seerete hormones (ehemieal messengers) into the 
interstitial fluid. The hormones then pass into the blood 
for transport to other tissnes and organs, where they alter 
eellnlar fnnetions (figure 10.1). In eontrast, exocrine gland 
seeretions are earried from the gland by a duct (tube) to 
an internal or external snrfaee. 

10.1 The ehemieal Nature 
of Hormones 

Learning Objeetives 

1. Distinguish between endoerine and exocrine glands. 

2. Distinguish between neurotransmitters, paraerine 
signals, and hormones. 

3. Explain the three negative-feedbaek meehanisms that 
eontrol hormone seeretion. 

4. Gompare the meehanisms of aetion of steroid and 
nonsteroid hormones. 
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There are various modes of communication ntilized within 
the human body (figure 10.2). Neural communication, which 
was deseribed in ehapter 8, uses the release of neurotrans- 
mitters at a synapse to transmit a signal from a neuron to 
another eell. Paraerine eommnnieation involves the release 
of paraerine sìgnals, also referred to as 'loeal hormones.'' 
Paraerine signals are released within a tissue and are used to 
affeet the function of neighboring eells within that tissue. 


Figure 10.1 Exocrine gland and endoerine gland 
eompared. 

Endoerine eommnnieation involves the release of hor- 
mones into the blood for distribntion throughout the body. 
Because hormones are transported within the blood sup- 
ply, virmally all body eells are exposed to them. However, 
a hormone will ereate a response only in its target eells. 
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Figure 10.2 Comparison of modes of communication in the human body. 


which are eells that possess reeeptors speeifie for that hor- 
mone. Non-target eells laek these hormone-speeifie reeep- 
tors and are unaffected by the hormone. Neuroendocrine 
communication is a hybrid meehanism in which a neuron 
releases a hormone that enters a blood vessel. The majority 
of this ehapter focuses on the role of endoerine and neuro- 
endoerine communication in homeostasis. 

Hormones are seereted in very small amounts, so 
their eoneentrations in the blood are extremely low. 
However, because they aet on eells that have speeifie 


reeeptors for particular hormones, large quantities are not 
neeessary to produce effeets. Ghemieally, hormones may 
be elassified in two broad groups: steroids, which are 
derived from eholesterol, and nonsteroids, which are 
derived from amino aeids, peptides, or proteins. 

Eieosanoids (i-ko'-sa-noyds) are another group of 
molecules seereted by eells that cause speeifie aetions 
in other eells. These lipid molecules aet as paraerine sig- 
nals because they are released into the interstitial fluid 
and typieally affeet only nearby eells. Prostaglandins and 
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Aspirin and aeetaminophen are vvidely used pain 
relievers. They function by inhibiting the synthe- 
sis of prostaglandins involved in the inflammatory 
response, vvhieh often is the basis of pain and fever. 


lenkotrienes are examples. Prostaglandins prodnee a 
variety of effeets ranging from promoting inflammation 
and blood elotting to inereasing nterine eontraetion in 
ehildbirth and raising blood pressnre. Lenkotrienes help 
regnlate the immnne response and promote inflammation 
and some allergie reaetions. 

Meehanisms of Hormone Aetion 

A hormone prodnees its effeet by binding to a target eelfs 
reeeptors for that hormone. The more reeeptors it binds 
to, the greater is the effeet on the target eell. All hormones 
affeet target eells by altering their metabolie aetivities. For 
example, they may ehange the rate of eellnlar proeesses in 
general, or they may promote or inhibit speeifie eellnlar 
proeesses. The end resnlt is that homeostasis is maintained. 
Fignre 10.3 shows the major endoerine glands. 

Steroid and Thyroid Hormones 

Steroid hormones and thyroid hormones aet on DNA in a 
eelfs nnelens and affeet gene expression (fignre 10.4). 
0 Beeanse they are lipid-solnble (see ehapter 3), they 
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Figure 10.3 The major endoerine glands. 


ean easily move throngh the phospholipid bilayers of 
plasma membranes to @ enter the nnelens. 0 After a 
hormone enters the nnelens, it eombines with an intra- 
eellnlar reeeptor to form a hormone-reeeptor complex. 
0 The hormone-reeeptor complex interaets with DNA, 
aetivating speeifie genes that synthesize messenger RNA 
(mRNA). 0 The mRNA exits the nnelens and interaets 
with ribosomes, which resnlts in the synthesis of speeifie 
proteins, nsnally enzymes. Then the newly formed pro- 
teins prodnee the speeifie effeet that is eharaeteristie of 
the partienlar hormone. 

Nonsteroid Hormones 

Nonsteroid hormones are proteins, peptides, or modified 
amino aeids that are not lipid-solnble, meaning they ean- 
not pass aeross the phospholipid bilayer. Two messengers 
are required for these hormones to produce their effeet 
on a target eell. The first messenger is the nonsteroid hor- 
mone bound to a reeeptor on the plasma membrane. 
The first messenger leads to the formation of a seeond 
messenger that is often, but not always, egelie adenosine 
monophosphate (cAMP). The seeond messenger is formed 
within the eell, and it aetivates or inaetivates enzymes 
that prodnee the eharaeteristie effeet for the hormone 
(figure 10.4). When a cAMP is the seeond messenger, the 
sequence of events is as follows. 

0 A nonsteroid hormone binds to a reeeptor on 
the target eelfs plasma membrane to 0 form a hormone- 
reeeptor complex. 0 This complex aetivates a membrane 
protein (G protein), which, in turn, aetivates a membrane 
enzyme (adenylate eyelase), 0 which eatalyzes the forma- 
tion of eyelie adenosine monophosphate (cAMP) from ATP 
within the eytosol. 0 The cAMP aetivates enzymes that 
eatalyze the aetivation or inaetivation of eellnlar enzymes, 
which prodnee the eellnlar ehanges assoeiated with the 
speeifie hormone. 

eontrol of Hormone Prodootion 

Most hormone seeretion is usually regulated by a negative- 
feedbaek meehanìsm that works to maintain homeo- 
stasis. When the blood eoneentration of a regnlated 
snbstanee begins to deerease, the endoerine gland is 
stimnlated to inerease the seeretion of its hormone. The 
inereased hormone eoneentration stimnlates target eells 
to raise the blood level of the snbstanee baek to nor- 
mal. When the snbstanee remrns to normal levels, the 
endoerine gland is no longer stimnlated to seerete the 
hormone, and the seeretion and eoneentration of the hor- 
mone deerease. Negative feedbaek keeps hormone levels 
in the blood relatively stable (figure 10.5). However, there 
are a few body proeesses that are hormonally regnlated 
throngh positive-feedbaek meehanisms. An example 
that you will see later in this ehapter and in ehapter 18 
is the prodnetion of oxytocin during labor and delivery. 
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Figure 10.4 Comparison of meehanisms of hormone aetion. Meehanisms are numbered to mateh deseriptions 
vvithin text. 



Figure 10.5 Negative-feedbaek meehanism eontrols 
the eoneentration of a hormone in the blood. The eon- 
eentration may fluctuate slightly above and belovv the 
hormone’s average eoneentration. 


As shown in fignre 10.6, endoerine glands are eon- 
trolled by these negative-feedbaek meehanisms in three 
ways. (1) In hormonal eontrol (fignre lO.óa), the hypothala- 
mus and anterior lobe of the pimitary gland release hor- 
mones that stimulate other endoerine glands to prodnee 
hormones. These hormones feedbaek and affeet the func- 
tion of the hypothalamns and anterior lobe. (2) In nearal 
eontrol (figure lO.óò), the nervous system stimulates an 
endoerine gland to prodnee a hormone, which affeets target 
eells in the body. The aetions of the target eells feedbaek 
on the nervons system to alter its aetivity. (3) In hamoral 
eontrol (figure lO.óe), a ehemieal ehange in the blood stim- 
ulates an endoerine gland to prodnee a hormone, which in 
mrn affeets target eells. The aetions of the target eells then 
ereate a ehange in blood levels of the ehemieal, which 
feeds baek and alters the aetivity of the endoerine gland. 
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Figure 10.6 Negative-feedbaek meehanisms used to eontrol the release of various hormones. 

(a) Hormonal eontrol. (b) Neural eontrol. (e) Humoral eontrol. 


These feedbaek meehanisms may have either stimnlatory 
or inhibitory effeets on the hormone prodnetion pathvvay. 

The prodnetion of hormones is normally preeisely 
regnlated so that there is no hyperseeretion (excessive 
prodnetion) or hyposeeretion (defieient prodnetion). 
Hovvever, hormonal disorders do oeenr, and they usu- 
ally result from severe hyperseeretion or hyposeeretion. 
Beeanse endoerine disorders are speeifieally related to 
individnal glands, disorders in this ehapter are eonsidered 
when eaeh gland is disenssed rather than at the end of 
the ehapter. 



eheek 



Understandinq 


1. How do steroid and nonsteroid hormones pro- 
duce their effeets on target eells? 

2. How are hormones and prostaglandins similar but 
different? 

3. How is the seeretion of hormones regnlated? 


10.2 Pituitary Gland 

Learning Objeetives 

5. Deseribe how the production of eaeh of the anterior 
lobe hormones is eontrolled. 

6. List the aetions of hormones of the anterior lobe of 
the pituitary gland. 

7. Deseribe how the production of eaeh of the posterior 
lobe hormones is eontrolled. 

8. List the aetions of hormones of the posterior lobe of 
the pituitary gland. 

9. Deseribe the major pituitary gland disorders. 


The pituitary (pi tu'-i-tar-é) gland, or hypophysis 

(hi-pof'-i-sis), is attaehed to the hypothalamus by a short 
stalk. It rests in a depression of the sphenoid bone, the 
sella mreiea, which provides proteetion. The pimitary 
gland eonsists of two major parts that have different func- 
tions: an anterior lobe and a posterior lobe. Althongh the 
pitnitary gland is small, it regnlates many body hmetions. 
The pimitary gland is eontrolled by nenrons and hor- 
mones that originate in the hypothalamns, as shown in 
figure 10.7. The hypothalamus serves as a link between 
the brain and the endoerine system and is itself an endo- 
erine gland. Table 10.1 snmmarizes the hormones of the 
pitnitary gland and their fnnetions. 

eontrol of the Anterior Lobe 

Speeial nenrons (nenroseeretory eells) in the hypothalamns 
regnlate the seeretion of hormones from the anterior lobe 
by seereting releasing and inhibiting hormones. The hypotha- 
lamie hormones enter the hypophyseal portal veins, which 
earry them direetly into the anterior lobe without circu- 
lating throughout the body. In the anterior lobe, the hor- 
mones exert their effeets on speeifie groups of eells. There 
is a releasing hormone for eaeh hormone prodneed by the 
anterior lobe. There are inhibiting hormones for growth 
hormone and prolaetin. As the names imply, releasing hor- 
mones stimnlate the prodnetion and release of hormones 
from the anterior lobe, while inhibiting hormones have 
the opposite effeet. The seeretion of releasing and inhibit- 
ing hormones by the hypothalamns is regnlated by varions 
hormonal negative-feedbaek meehanisms. 

eontrol of the Posterior Lobe 

The posterior lobe is eontrolled by the neural negative- 
feedbaek meehanism deseribed previonsly and shown in 
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Figure 10.7 Gontrol of pituitary gland seeretions. Hypothalamie hormones are seereted by modified neurons and ear- 
ried by the hypophyseal portal veins to the anterior lobe of the pituitary gland, vvhere they either stimulate or inhibit 
the seeretion of anterior lobe hormones. Nerve impulses stimulate modified neurons in the hypothalamus to seerete 
hormones that are released from their terminal boutons vvithin the posterior lobe of the pituitary gland. BpIR) 


figure 10.6Ò. Speeial neurons that originate in the hypothal- 
amus have axons that extend into the posterior lobe of the 
pimitary gland. Nerve impnlses passed along these nenrose- 
eretory axons cause the release of hormones from their ter- 
minal bontons vvithin the posterior lobe, where they diffnse 
into the blood. Note that the posterior lobe hormones are 
formed by nenroseeretory eells originating in the hypothal- 
amus and not by eells of the posterior lobe of the pimitary 
gland. They are only released within the posterior lobe. 


Anterior Lobe Hormones 

The anterior lobe of the pimitary gland is sometimes 
ealled the "'master gland'' beeanse it affeets so many 
body hmetions. It prodnees and seeretes six hormones: 
growth hormone (GH), thyroid-stimnlating hormone 
(TSH), adrenoeortieotropie hormone (ACTH), folliele- 
stimnlating hormone (FSH), Inteinizing hormone (LH), 
and prolaetin (PRL). 
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Table 10.1 Hormones of the Pitoitary Gland 

Hormone Gontrol Aetion Disorders 


Anterior Lobe Hormones 


Grovvth hormone Grovvth-hormone-releasing 

(GH) hormone (GHRH); grovvth- 

hormone-inhibiting hormone 
(GHIH) 


Thyroid-stimulating Thyrotropin-releasing 

hormone (TSH) hormone (TRH) 


Adrenoeortieotropie 
hormone (AGTH) 

Follicle-stimulating 
hormone (FSH) 

Luteinizing 
hormone (LH) 


Gortieotropin-releasing 
hormone (GRH) 

Gonadotropin-releasing 
hormone (GnRH) 

Gonadotropin-releasing 
hormone (GnRH) 


Prolaetin (PRL) Prolaetin-releasing hormone 

(PRH); prolaetin-inhibiting 
hormone (PIH) 

Posterìor Lobe Hormones 


Antidiuretic 
hormone (ADH) 

Oxytocin (OT) 


Goneentration ofvvater 
in body fluids 

Stretehing of uterus; 
stimulation of nipples 


Promotes grovvth of body eells and eell 
division; promotes protein synthesis; 
inereases the use of fat and glucose for 
ATP 

Stimulates thyroid gland to produce 
thyroid hormones 


Stimulates adrenal cortex to seerete 
glucocorticoids and androgens 

In ovaries, stimulates development of ovarian 
follieles and seeretion of estrogens; in testes, 
stimulates the production of sperm 

In females, promotes ovulation, devel- 
opment of the corpus luteum, vvhieh 
leads to the production and seeretion of 
progesterone, preparation of uterus to 
reeeive embryo, and preparation of mam- 
mary glands for milk seeretion; in males, 
stimulates testes to seerete testosterone 


Hyposeeretion in ehildhood 
causes pituitary dvvarfism. 
Hyperseeretion in ehildhood 
causes gigantism; in adults, 
it causes aeromegaly. 

Hyposeeretion leads to 
seeondary hypothyroidism. 
Hyperseeretion leads to 
seeondary hyperthyroidism. 


Stimulates milk seeretion and maintains 
milk production by mammary glands 


Promotes retention of vvater by kidneys Hyposeeretion causes 

diabetes insipidus. 

Stimulates eontraetions of uterus in 
ehildbirth and eontraetion of milk glands 
vvhen nursing infant 

In both sexes, promotes parental earetaking 
and involved in feeling of pleasure assoei- 
ated vvith sexual experiences 


Growth Hormone 

As the name implies, growth hormone (GH) stimnlates 
the division and growth of body eells. inereased growth 
resnlts beeanse GH promotes the synthesis of proteins 
and other complex organie eomponnds. GH also inereases 
available energy for these synthesis reaetions by promot- 
ing the release of fat from adipose tissne, the use of fat 
in cellular respiration, and the eonversion of glyeogen 
to glneose. Althongh GH is more abnndant during ehild- 
hood and pnberty, it is seereted throughout life. 

Regulation of growth hormone seeretion is by two 
hypothalamie hormones with antagonistie fnnetions. GH- 
releasing hormone (GHRH) stimnlates GH seeretion, and GH- 
inhibiting hormone (GHIH) inhibits GH seeretion. Whether 
the hypothalamns releases GHRH or GHIH depends upon 


ehanges in blood ehemistry. For example, following strenu- 
ous exercise, a low level of blood sugar (hypoglyeemia), and 
an excess of amino aeids in the blood trigger the seeretion 
of GHRH. Gonversely, high levels of blood sugar (hypergly- 
eemia) stimulate the seeretion of GHIH. 

Disorders If hyperseeretion of GH occurs during 
the growing years, the individnal beeomes very tall- 
sometimes nearly 2.5 m (8 ft) in height. This eondition is 
known as gigantism. If the hyperseeretion of GH occurs 
in an adult after full growth in height has been attained, 
it prodnees a eondition known as aeromegaly (ak-ró- 
meg'-ah-lé). Beeanse the growth of long bones has been 
eompleted, only the bones of the faee, hands, and feet eon- 
tinue to grow. Over time, the individual develops heavy. 
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protruding brow ridges, a jutting mandible, and enlarged 
hands and feet. Both gigantism and aeromegaly may result 
from mmors of the anterior lobe. Affeeted persons may 
have other health problems due to hyperseeretion of other 
anterior lobe hormones. 

If hyposeeretion of GH occurs during ehildhood, 
body growth is limited. In extreme eases, this resnlts 
in pituitary dwarfism. Affeeted persons have well- 
proportioned body parts but may be less than 1 m (3 ft) 
in height. They may snffer from other maladies due to a 
defieient supply of other anterior lobe hormones. 

Thyroid-Stimulating Hormone 

Thyroid-stimulating hormone (TSH) stimnlates the 
thyroid gland to prodnee thyroid hormones. Blood eon- 
eentrations of thyroid hormones eontrol the negative- 
feedbaek meehanism for TSH prodnetion. Low levels of 
thyroid hormones aetivate the hypothalamns to seerete 
thyrotropin-releasing hormone (TRH), which stimnlates release 
of TSH by the anterior lobe. Gonversely, high eoneentrations 
of thyroid hormones inhibit the seeretion of TRH, which 
deereases prodnetion of TSH. Beeanse TSH eontrols the 
thyroid gland, disorders of TSH seeretion lead to thyroid 
disorders. 

Adrenoeortieotropie Hormone 

Adrenoeortieotropie (ad-re-nò-kor-ti-kò-trò-p'-ik) hormone 
(ACTH) eontrols the seeretion of hormones prodneed by 
the adrenal cortex (the snperfieial portion of the adrenal 
gland). ACTH prodnetion is eontrolled by eortieotropin- 
releasing hormone (CRH) from the hypothalamns. CRH 
release is eontrolled by blood levels of ACTH and glu- 
eoeortieoids from the adrenal cortex throngh negative- 
feedbaek meehanisms. Low levels of ACTH in the blood 
trigger the prodnetion and release of CRH. High blood 
levels of ACTH inhibit the prodnetion of CRH. Low 
levels of glneoeortieoids from the adrenal cortex aeti- 
vate the hypothalamns to seerete CRH, which stimu- 
lates the release of ACTH from the anterior lobe. High 
levels of glneoeortieoids inhibit CRH seeretion, and 
thus inhibit the prodnetion and seeretion of ACTH. 
Excessive stress may stimnlate the prodnetion of exces- 
sive amonnts of ACTH by overriding the negative- 
feedbaek eontrol. 

Gonadotropins 

The follicle-stimulating hormone (FSH) and lutein- 
izing (lu-tè-in-iz-ing) hormone (LH) affeet the gonads 
(testes and ovaries). Their release is stimnlated by 
gonadotropin-releasing hormone (GnRH) from the hypothal- 
amus. The onset of pnberty in both sexes is caused by the 
start of FSH seeretion. In females, FSH aets on the ovaries 
to promote the development of ovarian follieles, which 
eontain ova and prodnee estrogens, the primary female 
sex hormones. In males, FSH aets on testes to promote 


sperm prodnetion. In females, LH stimnlates ovnlation 
and the development of the corpus luteum, a temporary 
gland in the ovary that prodnees progesterone, another 
female sex hormone. In males LH is often referred to as 
interstitial eell stimalating hormone (ICSH) beeanse it affeets 
the interstitial eells of the testes, where it stimnlates the 
seeretion of testosterone. Fnrther disenssion of FSH and 
LH ean be found in ehapter 17. 

Prolaetin 

Prolaetin (prò-lak'-tin) (PRL) helps to initiate and main- 
tain milk prodnetion by the mammary glands after the 
birth of an infant. Prolaetin stimnlates milk seeretion after 
the mammary glands have been prepared for milk produc- 
tion by other hormones, inelnding female sex hormones. 
In males, PRL inereases the aetivity of LH in the testes, 
thus inereasing testosterone prodnetion. Prolaetin seere- 
tion is regnlated by the antagonistie aetions of prolaetin- 
releasing hormone (PRH) and prolaetin-inhibiting hormone 
(PIH) prodneed by the hypothalamns. 


Posterior Lobe Horinones 

Posterior lobe hormones are good examples of nenroendo- 
erine seeretion. The posterior lobe stores and releases two 
hormones: the antidinretie hormone and oxytocin. Both 
of these hormones are seereted by nenrons that originate 
in the hypothalamns and extend into the posterior lobe. 
The hormones are released into the blood within the pos- 
terior lobe and are distribnted throughout the body (see 
figure 10.7). 

Antidiuretic Hormone 

The antidiuretic (an-ti-di-u-ret'-ik) hormone (ADH) 

promotes water retention by the kidneys to reduce the 
volume of water that is excreted in urine. ADH seere- 
tion is regnlated by speeial nenrons that deteet ehanges 
in the water eoneentration of the blood. If water eoneen- 
tration deereases, seeretion of ADH inereases to promote 
water retention by the kidneys. If water eoneentration 
inereases, seeretion of ADH deereases, eansing more water 
to be excreted in urine. By eontrolling the water eoneen- 
tration of blood, ADH helps to eontrol blood volume and 
blood pressnre. Fnrther disenssion of ADH ean be found 
in ehapter 16. 


Disorders A severe hyposeeretion of ADH resnlts in the 
prodnetion of excessive quantities (20-30 liters per day) of 
dilute urine, a eondition ealled dìabetes ìnsìpìdus (di-ah- 
bè'-téz in-sip'-i-dus). Diabetes means ''overflow,'' and insipi- 
dus means 'Tasteless.'' Thus, diabetes insipidus essentially 
means to have overflow of tasteless urine. Gonversely, 
mellims means ''sweet,'' so diabetes mellims is an overflow 
of sweet urine. In diabetes insipidns, the affeeted person 
is always thirsty and must drink water almost eonstantly. 
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Pitoein, a synthetie oxytocin, is one of severa 
drugs that is used to elinieally induce labor. After 
delivery, these drugs may also be used to inerease 
the muscle tone of the uterus and to eontrol uterine 
bleeding. 


This eondition may be eansed by injnries or mmors that 
affeet any part of the ADH regnlatory meehanism, such as 
the hypothalamus or posterior lobe of the pimitary gland, 
or nonfnnetional ADH reeeptors in the kidneys. 

Oxytocin 

Oxytocin (ok-sè-tó'-sin) (OT) is released in large amonnts 
during ehildbirth. It stimnlates and strengthens eontraetion 
of the smooth mnseles of the uterus, M^hieh culminates in 
the birth of the infant. It also has an effeet on the mammary 
glands. Stimnlation of a nipple by a snekling infant causes 
the release of OT, which, in mrn, eontraets the milk glands 
of the breast, foreing milk into the milk ducts, where it ean 
be removed by the snekling infant. 

IJnlike other hormones, oxytocin seeretion is eon- 
trolled by a positive-feedbaek meehanism. For example, 
the greater the nipple stimnlation by a snekling infant, 
the more OT released and the more milk available for the 
infant. When snekling eeases, OT prodnetion eeases. 

OT is also prodneed in males and nonpregnant 
females, where it plays a role in ereating parental eare- 
taking behaviors and feelings of pleasnre assoeiated with 
sexual intercourse. 



eheek 



IJnderstanding 


4. How does the hypothalamus eontrol the 
seeretions of the pimitary gland? 

5. What are the fnnetions of anterior lobe and 
posterior lobe hormones? 


J 


10.3 Thyroid Gland 



Learning Objeetives 

10. Deseribe how the production of thyroid hormones 
is eontrolled. 

11. List the aetions of thyroid hormones. 

12. Deseribe how the production of ealeitonin is 
eontrolled. 

13. List the aetions of ealeitonin. 

14. Deseribe the major thyroid disorders. 


The thyroid gland is loeated just inferior to the larynx. 
It eonsists of two lobes, eaeh one lateral to the traehea. 


that are eonneeted by an anterior isthmns (figure 10 . 8 ). 
Table 10.2 summarizes the eontrol, aetion, and disorders 
of the thyroid gland. 

Thyroxine and Triiodothyrenine 

lodine atoms are essential for the formation and fnnetion- 
ing of two similar thyroid hormones, prodneed by groups 
of eells forming thyroid follieles that respond to TSH. 
Thyroxine is the primary hormone. It is also known as 
T 4 beeanse eaeh moleenle eontains four iodine atoms. The 
other hormone, triiodothyronine (tri"i-o"do-thi'ro-nen) 
or T 3 , eontains three iodine atoms in eaeh moleenle. Both 
T 4 and T 3 exert their effeet on body eells, and they have 
similar fnnetions. They inerease the metabolie rate, pro- 
mote protein synthesis, and enhanee neuron fnnetion. T 3 
and T 4 are the primary faetors that determine the basal 
metabolie rate (BMR), the number of ealories required at 
rest to maintain life. Thyroid hormones are also important 
during infaney and ehildhood for normal development of 
the nervons, skeletal, and muscular systems. Seeretion of 
these hormones is stimnlated by TSH from the anterior 
lobe of the pimitary gland, and TSH, in turn, is regnlated 
by a negative-feedbaek meehanism as deseribed in the 
disenssion of the anterior lobe of the pimitary gland. 

Disorders Hyperseeretion, hyposeeretion, and iodine 
defieieneies are involved in the thyroid disorders: Graves 
disease, simple goiter, eretinism, and myxedema. 

Graves dìsease resnlts from the hyperseeretion of 
thyroid hormones. It is thonght to be an autoimmune 
disorder in which antibodies bind to TSH reeeptors, 
stimnlating excessive hormone prodnetion. It is ehar- 
aeterized by restlessness and inereased metabolie rate 
with possible weight loss. Usually, the thyroid gland is 
somewhat enlarged, which is ealled a goiter (goy-ter), 
and eyes bulge due to the swelling of tissnes posterior 
to the eyes, prodneing what is ealled an exophthalmic 
(ek-sof-thal-mik) goiter. 

Simple goiter is an enlargement of the thyroid 
gland that resnlts from a defieieney of iodine in the diet. 
Without adequate iodine, hyposeeretion of thyroid hor- 
mones occurs and the thyroid gland enlarges due to over- 
stimulation with TSH in an attempt to prodnee more 
thyroid hormones. In some eases, the thyroid gland may 
beeome the size of an orange. Goiter ean be prevented 
by inelnding very small amonnts of iodine in the diet. 
For this reason, salt manufacturers produce 'dodized salt,'' 
which eontains snffieient iodine to prevent simple goiter. 

eretinism (kre'-tin-izm) is caused by a severe hypo- 
seeretion of thyroid hormones in infants. Without treat- 
ment, it prodnees severe mental and physieal retardation. 
eretinism is eharaeterized by smnted growth, abnor- 
mal bone formation, mental retardation, slnggishness, 
and goiter. 
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Fìgure 10.8 Anatomy and Physiology of the Thyroid Gland. 

(a) Negative-feedbaek meehanism of thyroid eontrol. (b) The thyroid gland eonsists of two lobes eonneeted anteriorly 
at the isthmus. ISTjSI 


Table 10.2 Hormones of the Thyroid Gland 


Hormone 

eontrol 

Aetion 

Disorders 

Thyroxine (T4) and 

TSH from anterior 

inerease metaboiie rate; aeeeierate 

Hyposeeretion in infants and ehiidren 

triiodothyronine (T3) 

iobe of the pituitary 

grovvth; stimuiate neurai aetivity 

causes eretinism; in aduits, it causes 

eaieitonin (CT) 

giand 

Biood Ca^"^ ievei 

Deereases biood Ga^"^ ieveis by 
promoting Ca^^ deposition in bones, 
inhibiting removai of Ca^"^ from bones, 
promoting excretion of Ca^"^ by kidneys 

myxedema. Hyperseeretion causes 
Graves disease. iodine defieieney 
causes simpie goiter. 


Myxedema (mik-se-de'-mah) is caused by severe 
hyposeeretion of thyroid hormones in adults. It is eharae- 
terized by sluggishness, weight gain, weakness, dry skin, 
goiter, and pnffiness of the faee. 

ealeitonin 

The thyroid gland prodnees a third hormone, ealeitonin 
(kal-si-to'-nin) (CT), from eells ealled C eells that are loeated 
between thyroid follieles. C eells do not respond to the 
hormonal meehanism the same as thyroid follieles do 
but respond to a hnmoral negative-feedbaek meehanism 


linked to blood Ca^^ levels. Calcitonin deereases blood 
ea^"^ by inhibiting the bone-resorbing aetion of osteo- 
elasts, inereasing the rate of Ca^^ deposition by osteo- 
blasts, and promoting ea^"^ excretion by the kidneys. An 
excess of ea^"^ in the blood stimnlates the thyroid gland 
to seerete ealeitonin. The eoneentration of ea^"^ in the 
blood is important beeanse it plays vital roles in metabo- 
lism, inelnding maintenanee of healthy bones, eondnetion 
of nerve impnlses, muscle eontraetion, and elotting of 
blood. The fnnetion of ealeitonin is antagonistie to para- 
thyroid hormone, which is disenssed in the next seetion. 
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10.4 Parathyroid Glands 

Learning Objeetives 

15. Deseribe how the production of parathyroid hormone 
is eontrolled. 

16. List the aetions of parathyroid hormone. 

17. Deseribe the major parathyroid disorders. 

The parathyroid glands are small glands that are loeated 
on the posterior snrfaee of the thyroid gland. There are 
nsnally four parathyroid glands, two glands on eaeh lobe 
of the thyroid (figure 10.9). 

Parathyroid Hormone 

Parathyroid glands seerete parathyroid hormone 
(PTH), the most important regnlator of blood levels. 

PTH inereases the eoneentration of blood Ca^“^ by pro- 
moting the removal of Ca^^ from bones by osteoelasts 
and by inhibiting Ca^“^ deposition by osteoblasts. PTH 
aets in the kidneys to inhibit excretion of Ca^“^ into urine 
and trigger the aetivation of vitamin D (also a hormone). 
Both PTH and vitamin D inerease Ca^^ absorption by the 
small intestine. The antagonistie aetions of PTH and ealei- 
tonin maintain blood Ca^“^ homeostasis (figure 10.10 and 
table 10.3). 


muscle may result in eardiae arrest and sudden death. Tet- 
any of skeletal mnseles may occur, and death may result 
from a laek of oxygen due to the inability of breathing 
mnseles to fnnetion normally. 

Hyperparathyroidism, the hyperseeretion of PTH, 
causes too much Ca^“^ to be removed from bones and raises 
blood Ca^“^ to abnormally high levels. Without treatment, 
Ca^“^ loss resnlts in soft, weak bones that are prone to spon- 
taneons fraemres. The excess Ca^“^ in the blood may lead to 
the formation of kidney stones or may be deposited in abnor- 
mal loeations ereating bone spurs (abnormal bony growths). 



eheek 



IJnderstanding 



6 . What are the aetions of thyroid hormones? 

7. How is the level of blood Ca^“^ regnlated? 

V___ J 


10.5 Adrenal Glands 

Learning Objeetives 

18. Deseribe how the production of adrenal hormones is 
eontrolled. 

19. List the aetions of adrenal hormones. 

20. Deseribe the major adrenal disorders. 


Disorders Hypoparathyroidism, the hyposeeretion of 
PTH, ean prodnee devastating effeets. Without treatment, 
the eoneentration of blood Ca^“^ may drop to levels that 
impair neural and muscular aetivity. The effeet on eardiae 


Pharynx 
(posterior view) 


Parathyroid 

glands 


Thyroid gland 


Esophagus 


Traehea 



Figure 10.9 Two small parathyroid glands are loeated 
on the posterior surface of eaeh lobe of the thyroid gland. 


There are two adrenal glands; one is loeated on top 
of eaeh kidney. Eaeh adrenal gland eonsists of two por- 
tions that are distinet endoerine glands: the deep adrenal 
mednlla and the snperfieial adrenal cortex (figure 10.11). 
Table 10.4 summarizes the eontrol, aetion, and disorders 
of the adrenal gland. 

Hormenes of the Adrenal Medolla 

The adrenal mednlla seeretes epinephrine (adrena- 
line) and norepinephrine (noradrenaline), two elosely 
related hormones that have very similar aetions on target 
eells. Epinephrine forms about 80% of the seeretions. 

The sympathetie division of the antonomie nervons 
system regnlates the seeretion of adrenal mednllary hor- 
mones. They are seereted whenever the body is under 
stress, and they dnplieate the aetion of the sympathetie 
division on a bodywide seale. The mednllary hormones 
have a stronger and longer-lasting effeet in preparing the 
body for 'Tight or flight.'' The effeets of epinephrine and 
norepinephrine inelnde (1) a deerease in blood flow to 
the viseera and skin; (2) an inerease in blood flow to the 
skeletal mnseles, lungs, and nervons system; (3) eonver- 
sion of glyeogen to glneose to raise the glneose level 
in the blood; and (4) an inerease in the rate of eellnlar 
respiration. Epinephrine and norepinephrine are partien- 
larly important in short-term stress sitnations. In times of 
ehronie stress the adrenal cortex makes fnrther adjust- 
ment as will be disenssed in the next seetion. 
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Figure 10.10 Calcium Homeostasis. 

The eoneentration of Ca^''" in the biood eontrois the seeretion of eaieitonin and PTH. 


Table 10.3 

Parathyroid Hormone 


Hormone 

Gontrol 

Aetion 

Disorders 

Parathyroid 
hormone (PTH) 

Blood Ga^"^ 
level 

inereases blood Ca^"^ level by promoting 
Ca^^ removal from bones and Ca^"^ reab- 
sorption by kidneys 

Hyposeeretion causes tetany, vvhieh may result 
in death. Hyperseeretion causes vveak, deformed 
bones that may fracture spontaneously. 


Hermones of the Adrenal Cortex 

Several different steroid hormones are prodneed by the 
adrenal cortex, but the most important ones are aldo- 
sterone, eortisol, and the sex hormones. 

Aldosterone (al-dó-ster'-ón) is the most impor- 
tant mineraloeortieoid seereted by the adrenal eor- 
tex. Mineraloeortieoids regulate the eoneentration of 


eleetrolytes (mineral ions) in body fluids. Aldosterone stimu- 
lates the kidneys to retain sodium ions (Na"^) and to excrete 
potassinm ions (K^). This aetion not only maintains the nor- 
mal balanee of Na^ and in body fluids but also maintains 
blood volume and blood pressnre. The reabsorption of Na^ 
into the blood causes anions, such as ehloride (Cl~) and biear- 
bonate (HGO^"), to be reabsorbed due to their opposing 
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Glucocorticoids 
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Figure 10.11 An adrenal gland eonsists of a superficial adrenal cortex and a deep adrenal medulla. (ÀPl^ 


Table 10.4 Hormones of the Adrenal Glands 


Hormone Gontrol Aetion 


Disorders 


Adrenal Medalla 


Epinephrine 

and 

norepinephrine 


Sympathetie division of 
the autonomic nervous 
system 


Adrenal Cortex 

Aldosterone Blood eleetrolyte levels, 

angiotensin II 


eortisol 


ACTH from anterior lobe 
of the pituitary gland 


Androgens ACTH from anterior lobe 

of the pituitary gland 


Prepare body to meet emergeneies; 
inerease heart rate, eardiae output, blood 
pressure, and metabolie rate; inerease 
blood sugar by eonverting glyeogen to 
glucose; dilate respiratory passages 

inereases blood levels of sodium and 
vvater, vvhieh deereases blood levels of 
potassium; inereases blood pressure 

Promotes formation of glucose from 
nonearbohydrate nutrients; provides 
resistanee to stress and inhibits 
inflammation 

Effeets are insignifìeant in normal adult 
males; contribute to the sex drive in females. 


Hyperseeretion causes prolonged 
responses. 

Hyposeeretion causes no major 
disorders. 


Hyperseeretion inhibits neural and 
muscular aetivity, and also causes 
edema. 

Hyposeeretion causes Addison 
disease. 

Hyperseeretion causes Cushing 
syndrome. 

Hyperseeretion as a result of tumors; 
causes masculinization in females. 


eharges. And it eanses water to be reabsorbed by osmosis, 
which maintains blood volnme and blood pressnre. Aldoste- 
rone seeretion is stimnlated by several faetors, inelnding (1) a 
deerease in blood level of Na^, (2) an inerease in blood level 
of K"^, or (3) a deerease in blood pressnre, which leads to 
angiotensin II prodnetion, as will be disenssed in ehapter 16. 

Glucocorticoids are so named beeanse they affeet 
glneose metabolism. There are three major aetions of glu- 
eoeortieoids. (1) In response to ehronie stress, gIucocor- 
tieoids ensure a eonstant fuel supply by promoting the 
eonversion of nonearbohydrate nntrients into glneose. 
This is important beeanse earbohydrate sonrees, such as 
glyeogen, may be exhausted after several hours without 


food or strenuous exercise. (2) They faeilitate the utiliza- 
tion of glneose by eells. (3) They reduce inflammation. 

Gortisol (kor'-ti-sol) is the most important of several 
glneoeortieoids that are seereted by the adrenal cortex 
under the stimnlation of ACTH. The blood levels of gIuco- 
eortieoids are kept in balanee beeanse they exert a nega- 
tive-feedbaek eontrol on the seeretion of CRH and ACTH, 
as deseribed in the seetion of this ehapter disenssing the 
anterior lobe of the pitnitary gland. 

The adrenal cortex also seeretes small amonnts 
of androgens (male sex hormones) and estrogens in 
response to ACTH from the anterior lobe of the pimitary 
gland. The estrogens have little signifieant fnnetion. The 
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Everyone experiences stressful situations. Stress 
iTiay be caused by physieal or psyehologieal stim- 
uli that are pereeived as threatening. VVhereas 
mild stress ean stimulate ereativity and productiv- 
ity, severe and prolonged stress ean have serious 
consequences. 

The hypothalamus is the initiator of the stress 
response. VVhen stress occurs, the hypothalamus 
aetivates the sympathetie division of the autonomic 
nervous system and the seeretion of epinephrine 
and norepinephrine by the adrenal medulla. Thus, 
both neural and hormonal aetivity prepare the 
body to meet the stressful situation by inereasing 
blood glucose, heart rate, breathing rate, blood 
pressure, and blood flow to the muscular and ner- 
vous systems. 

Simultaneously, the hypothalamus stimulates 
the release of ACTH from the anterior lobe of the 
pituitary gland. ACTH, in turn, causes the seeretion 
of glucocorticoids by the adrenal cortex. Glucocor- 
tieoids inerease the levels of amino aeids and fatty 
aeids in the blood and promote the formation of 
additional glucosefrom nonearbohydrate nutrients. 

All of these responses prepare the body for 
an immediate response to eope with a stressful 
situation. 

Prolonged stress may cause several undesir- 
able side effeets from the eonstant seeretion of large 
amounts of epinephrine and glucocorticoids, such 


as deereased immunity and high blood pressure 
problems that are eommon in our soeiety. 


androgens promote the early development of male repro- 
dnetive organs, but in adult males their effeets are masked 
by sex hormones prodneed by testes. In females, adrenal 
androgens eontribnte to the female sex drive. In both 
sexes, excessive prodnetion resnlts in exaggerated male 
eharaeteristies. |AP|Rl 


Disorders Cushing syndrome resnlts from hyperse- 
eretion by the adrenal cortex. It may be caused by an 
adrenal mmor or by excessive prodnetion of ACTH by 
the anterior lobe of the pimitary gland. This syndrome 
is eharaeterized by high blood pressnre, an abnormally 
high blood glneose level, protein loss, osteoporosis, fat 
accumulation on the tmnk, fatigne, edema, and deereased 
immnnity. A person with this eondition tends to have a 
full, round faee and an enlarged abdomen. 

Addison disease resnlts from a severe hyposeere- 
tion by the adrenal cortex. It is eharaeterized by low blood 


pressnre, low blood glneose and sodium levels, an inerease 
in the blood potassinm level, dehydration, muscle weak- 
ness, and inereased skin pigmentation. Without treatment 
to eontrol blood eleetrolytes, death may occur in a few days. 



eheek 



LJnderstanding 


8 . How do seeretions of the adrenal mednlla pre- 
pare the body to reaet in emergeneies? 

9. How does the adrenal cortex help to maintain 
blood pressnre? 



10.6 Panereas 


Learning Objeetives 

21. Deseribe the eontrol of panereatie hormones. 

22. List the aetions of panereatie hormones. 

23. Deseribe the major panereatie disorders. 

The panereas (pan'-krè-as) is an elongate organ that is 
loeated posterior to the stomaeh (figure 10.12). It is both an 
exocrine gland and an endoerine gland. Its exocrine func- 
tions are performed by seeretory eells that seerete diges- 
tive enzymes into tiny ducts within the gland. These ducts 
merge to form the panereatie duct, which earries the seere- 
tions into the small intestine. Its endoerine fnnetions are 
performed by seeretory eells that are arranged in elnsters 
or clumps ealled the panereatie islets. Their seeretions 
diffnse into the blood. The islets eontain alpha eells and 
beta eells. Alpha eells prodnee the hormone glneagon; beta 
eells form the hormone insnlin. Table 10.5 snmmarizes the 
eontrol, aetion, and disorders of the panereas. 


Glucagon 

Glneagon (glu'-kah-gon) inereases the eoneentration of 
glneose in the blood. It does this by aetivating the liver to 
eonvert glyeogen and eertain nonearbohydrates, such as 
amino aeids, into glneose. Glneagon helps to maintain the 
blood level of glneose within normal limits even when 
earbohydrates are depleted due to long intervals between 
meals. Epinephrine stimnlates a similar aetion, but gluca- 
gon is more effeetive. Glneagon seeretion is eontrolled by 
the blood level of glneose via a negative-feedbaek meeha- 
nism. A low level of blood glneose stimnlates glneagon 
seeretion, and a high level of blood glneose inhibits gluca- 
gon seeretion. 



Persons with inflamed Joints often reeeive injee- 
tions of eortisone, a glucocorticoid, to temporarily 
reduce inflammation and the assoeiated pain. Such 
a procedure is fairly eommon in sports medieine. 

V___ J 
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Figure 10.12 The panereas is both an endoerine and an exocrine gland. The hormone-seereting alpha and beta eells 

are gronped in elnsters, ealled panereatie islets. Other panereatie eells seerete digestive enzymes. &PlR] 

Table 10.5 

Hormones of the Panereas 


Hormone 

Gontrol 

Aetion 

Disorders 

Glucagon 

lnsulin 

Blood glucose level 

Blood glucose level 

inereases blood glucose by stimulating the liver to eonvert 
glyeogen and other nutrients into glucose 

Deereases blood glucose by aiding movement of glucose 
into eells and promoting the eonversion of glucose into 
glyeogen 

Hyposeeretion causes type 1 
diabetes mellitus. 

Hyperseeretion may cause 
hypoglyeemia. 
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lnsulin 

The effeet of ìnsulìn on the level of blood glneose is 
opposite that of glneagon. Insnlin deereases blood glu- 
eose by aiding the movement of glucose into body eells, 
where it ean be used as a source of energy. Without insu- 
lin, glneose is not readily available to most eells for cellu- 
lar respiration. Insnlin also stimnlates the liver to eonvert 
glneose into glyeogen for storage. Figure 10.13 shows 
how the antagonistie fnnetions of glneagon and insu- 
lin maintain the eoneentration of glneose in the blood 
within normal limits. Like glneagon, the level of blood 
glneose regnlates the seeretion of insnlin. High blood glu- 
eose levels stimulate insulin seeretion; low levels inhibit 
insnlin seeretion. 


Disorders Diabetes mellitus (di ah bè'-tèz mel li' tus) 
is caused by the hyposeeretion of insnlin or the inability 
of target eells to reeognize it due to a loss of insulin reeep- 
tors. Type I or insalin-dependem diabetes is an autoimmune 
metabolie disorder that usually appears in persons less 
than 20 years of age. For this reason, it is sometimes ealled 
jnvenile diabetes, althongh the eondition persists for 
life. Type 1 diabetes resnlts when the immune response 
destroys the beta eells in panereatie islets. Beeanse the 
metabolism of earbohydrates, fats, and proteins is affeeted, 
persons with type 1 diabetes must follow a restrietive diet. 
They must also eheek their blood glucose level several 
times a day and injeet themselves with insnlin, or reeeive 
insnlin from an implanted insnlin pump, to keep their 
blood glucose eoneentration within normal limits. 




Beta eells 
of panereas 




Promotes 
movement of glucose 
into eertain eells 


Stimulates formation 
of glyeogen from 
glucose 


Rise in blood 
glucose level stimulates 
insulin seeretion 




In response to insulin, 
blood glucose level 
drops toward normal 
(and inhibits insulin 
seeretion) 






Drop in blood 
glucose level stimulates 
glucagon seeretion 



Stimulates eells to break 
down glyeogen into 

glucose 


In response to glucagon, 
blood glucose level rises 
toward normal 
(and inhibits glucagon 

seeretion) 



Alpha eells 
of panereas 






Stimulates eells to 
eonvert 

nonearbohydrates 
into glucose 


Figure 10.13 lnsulin and glucagon function together to help maintain a relatively stable blood glucose level. Negative- 
feedbaek meehanism responding to blood glucose level eontrols the seeretion of both hormones. 
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The vast majority of diabeties have type II or insalin- 
independent diahetes, which is caused by a reduction of the 
insulin reeeptors on target eells. This form of diabetes, also 
ealled adult-onset diabetes, usually appears after 40 years 
of age in persons who are overweight. The symptoms are 
less severe than in type 1 diabetes and ean be eontrolled 
by a earefnl diet and oral medieations that help regnlate 
blood levels of glneose. The enrrent inerease in obesity 
among ehildren and young adults is of eoneern beeanse it 
may lead to an inerease in type 11 diabetes. In either ease, 
the result is hyperglyeemia, excessively high levels of 
glucose in the blood. With insnffieient insnlin or a reduc- 
tion in target insnlin reeeptors, glneose eannot get into 
eells easily, and eells must rely more heavily on triglyeer- 
ides as an energy source for cellular respiration. The prod- 
ucts of this reaetion tend to deerease blood pH (aeidosis), 
which ean inaetivate vital enzymes and may lead to death. 

An excessive prodnetion of insnlin, or overdose of 
insnlin, may lead to hypoglyeemia, a eondition eharae- 
terized by excessively low blood glneose levels. Symptoms 
inelnde acute fatigue, weakness, inereased irritability, and 
restlessness. In extreme eonditions, it may lead to an insnlin- 
triggered eoma. 



eheek 



IJnderstanding 



10. How does the panereas regnlate the level of 
blood glneose? 


but also seerete the sex hormones. Table 10.6 snmmarizes 
the aetions of the sex hormones. The gonads and their 
hormones are eovered in more detail in ehapter 17. 

Female Sex Hormones 

The ovaries are the female gonads. They are small, 
almond-shaped organs loeated in the pelvie eavity. The 
ovaries begin to fnnetion at the onset of pnberty when the 
gonadotropins (FSH and LH) are released from the anterior 
lobe of the pimitary gland. Subsequently, ovarian hor- 
mones, FSH, and LH interaet in an approximately 28-day 
ovarian eyele in which their eoneentrations inerease and 
deerease in a rhythmie pattern. 

Estrogens (es'-trò-jens), the primary female sex hor- 
mones, are several related eomponnds that are seereted 
by developing ovarian follieles that also eontain an ooeyte 
(developing egg). Estrogens stimnlate the development 
and matnration of the female reprodnetive organs and 
the seeondary sex eharaeteristies (e.g., female fat distribn- 
tion, breasts, and broad hips). They also help to grow and 
maintain the nterine lining (endometrinm) to snpport a 
pregnaney. 

Progesterone (prò-jes'-te-rón) is seereted by the 
corpus luteum, a gland that forms from the empty ovarian 
folliele after the ooeyte has been released by ovnlation. 
It helps prepare the uterus for reeeiving a preembryo 
and maintains the pregnaney. It also helps to prepare the 
mammary glands for milk prodnetion. 


10.7 Gonads 

Learning Objeetives 

24. Deseribe how the production of female sex hormones 
is eontrolled. 

25. List the aetions of female sex hormones. 

26. Deseribe how the production of male sex hormones 
is eontrolled. 

27. List the aetions of male sex hormones. 

The gonads are the sex glands: the ovaries and testes. 
They not only prodnee ooeytes and sperm, respeetively. 


Male Sex Horinone 

The testes are paired, ovoid organs loeated inferior to the 
pelvie eavity in the serotnm, a sae of skin loeated poste- 
rior to the penis. The seminiferons tubules of the testes 
produce sperm, the male sex eell; and the interstitial eells 
(eells between the tubules) seerete the male hormone 
testosterone (tes-tos'-te-ròn). Testosterone stimnlates the 
development and mamration of the male reprodnetive 
organs, the seeondary sex eharaeteristies (e.g., growth of 
faeial and body hair, low voiee, narrow hips, and heavy 
mnseles and bones), the male sex drive, and helps stimu- 
late sperm production. 


Table 10.6 Hormones of Ovaries and Testes 


Hormone 

eontrol 

Aetion 

Ovarìes 

Estrogens 

FSH 

Development of female reproductive organs, seeondary sex eharaeteristies, and sex 
drive; prepares uterus to reeeive a preembryo and helps maintain pregnaney 

Progesterone 

LH 

Prepares uterus to reeeive a preembryo and maintains pregnaney; prepares mammary 
glands for milk production 

Testes 

Testosterone 

LH (leSH) 

Development of male reproductive organs, seeondary sex eharaeteristies, and sex drive 
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10.8 Other Endoerine Glands 
and Tissues 

Learning Objeetives 

28. Deseribe the aetions of melatonin. 

29. Deseribe the aetion of the thymus. 

There are a few other glands and tissnes of the body that 
seerete hormones and are part of the endoerine system. 
These inelnde the pineal gland, the thymns, the kidneys, 
the heart, and eertain small glands in the lining of the 
stomaeh and small intestine. Hormones released from the 
kidneys, heart, and digestive system will be eovered in 
their respeetive ehapters. In addition, the plaeenta is an 
important temporary endoerine organ dnring pregnaney. 
It is eonsidered in ehapter 18. 

Pineal Gland 

The pìneal (pin'-è-al) gland is a small, eone-shaped nodnle 
of endoerine tissne that is loeated in the epithalamns of the 
brain near the roof of the third ventriele. It seeretes the hor- 
mone melatonin (mel-ah-tó'-nin), which seems to inhibit 
the seeretion of gonadotropins and may help eontrol the 
onset of pnberty. Melatonin seems to regnlate wake-sleep 


eyeles and other biorhythms assoeiated with the eyeling 
of day and night. The seeretion of melatonin is regnlated 
by exposure to light and darkness. When exposed to light, 
nerve impulses from the retinas of the eyes are sent to the 
pineal gland, eansing a deerease in melatonin prodnetion. 
During darkness, these nerve impnlses deerease, and mela- 
tonin seeretion is inereased. Seeretion is greatest at night 
and lowest in the day, which keeps our sleep-wakefulness 
eyele in harmony with the day-night eyele. 

As frequent fliers know, jet lag resnlts when the sleep- 
wakefulness eyeles are out of syne with the day-night eyele. 
Jet lag ean be more quickly reversed by exposure to bright 
light with wavelengths similar to snnlight, beeanse the mel- 
atonin eyele is resynehronized to the new day-night eyele. 

Thynms 

The thymus is loeated in the mediastinnm snperior to the 
heart. It is large in infants and ehildren but it shrinks with 
age and is greatly redneed in adults. It plays a crucial role 
in the development of immnnity, which is disenssed in 
ehapter 13. The thymus produces several hormones, eollee- 
tively ealled thymosins (thi-mo'-sins), which are involved 
in the mamration of T lymphoeytes, a type of white blood 
eell. Thymosins also seem to have some anti-aging effeets. 
Henee, after the thymus shrinks, we age. 


ehaoter Syrnmar 


• The endoerine system is eomposed of hormone-seereting 
eells, tissnes, and organs. 

• Exocrine glands have a duct; endoerine glands are ductless. 

• Hormones are ehemieal messengers that are earried by 
the blood throughout the body, where they modify 
cellular functions of target eells. 

10.1 The ehemieal Nature of Hormones 

• There are four major types of communication in the body: 
1) neural, 2) paraerine, 3) endoerine, 4) nenroendoerine. 

All target eells have reeeptors for ehemieal messengers 
that affeet them. 

• Prostaglandins are not seereted by endoerine glands. 

They are formed by most body eells and have a distinetly 
loeal (paraerine) effeet. 

• The major endoerine glands are the adrenal glands, gonads, 
panereas, parathyroid glands, pineal gland, pitnitary gland, 
thymus, and thyroid gland. In addition, the hypothalamns 
fnnetions like an endoerine gland in some ways. 

Hormones may be elassified ehemieally as either steroid 
hormones or nonsteroid hormones. 

Steroid hormones and thyroid hormones eombine with 
a reeeptor within the target eell and interaet with DNA 
to affeet prodnetion of mRNA. AII other nonsteroid 
hormones eombine with a reeeptor in the plasma 
membrane of the target eell, which aetivates a membrane 
enzyme that promotes synthesis of eyelie AMP (cAMP), 


a seeond messenger. Gyelie AMP, in mrn, aetivates other 
enzymes that bring about cellular ehanges. 

• Prodnetion of most hormones is eontrolled by a 
negative-feedbaek meehanism. 

• The negative-feedbaek meehanisms of hormone 
prodnetion work one of three ways: (1) hormonal, (2) 
neural, and (3) hnmoral. 

• Endoerine disorders are assoeiated with severe 
hyposeeretion or hyperseeretion of varions hormones. 
Hyposeeretion may result from injury. Hyperseeretion is 
sometimes caused by a mmor. 

10.2 Pituitary Gland 

• The pituitary gland is attaehed to the hypothalamns by a 
short stalk. It eonsists of an anterior lobe and a posterior 
lobe. 

• The hypothalamns seeretes releasing hormones and 
inhibiting hormones that are earried to the anterior lobe by 
the hypophyseal portal veins. The releasing and inhibiting 
hormones regnlate the seeretion of anterior lobe hormones. 

• Anterior lobe hormones are 

a. growth hormone (GH), which stimnlates growth and 
division of body eells; 

b. thyroid-stimnlating hormone (TSH), which aetivates 
the thyroid gland to seerete thyroid hormones; 

e. adrenoeortieotropie hormone (ACTH), which stimu- 
lates the seeretion of hormones by the adrenal cortex; 
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d. folliele-stimnlating hormone (FSH) and Inteinizing 
hormone (LH), which affeet the gonads (in females, 
FSH stimnlates prodnetion of estrogens by the ovaries, 
and the development of the ovarian follieles, leading 
to ooeyte prodnetion; in males, it aetivates sperm 
prodnetion by the testes; in females, LH promotes 
ovnlation and stimnlates development of the eorpns 
Intenm, which prodnees progesterone; in males, it 
stimnlates testosterone prodnetion); and 

e. prolaetin (PRL), which initiates and maintains milk 
prodnetion by the mammary glands. 

Hyposeeretion of GH in ehildhood eanses pimitary 
dwarfism. Hyperseeretion of GH in ehildhood eanses 
gigantism, while dnring adnlthood it eanses aeromegaly. 
Hyposeeretion and hyperseeretion of TSH leads to 
seeondary thyroid disorders. 

Hormones of the posterior lobe are formed by nenrons in 
the hypothalamns and are released within the posterior lobe. 
There are two posterior lobe hormones: 

a. antidinretie hormone (ADH) promotes retention of 
water by the kidneys; 

b. oxytocin stimnlates eontraetion of the nterns dnring 
ehildbirth, eontraetions of mammary glands in breast- 
feeding, and parental earetaking behaviors and sexual 
pleasure in both genders. 

Hyposeeretion of ADH causes diabetes insipidus. 

3 Thyroid Gland 

The thyroid gland is loeated just inferior to the larynx, 
with two lobes lateral to the traehea. 

TSH stimnlates the seeretion of thyroxine (T4) and 

triiodothyronine (T3), which inerease eellnlar metabolism, 

protein synthesis, and neural aetivity. 

lodine is an essential eomponent of the T4 and T3 

moleenles. 

Galeitonin deereases the level of blood Ga^'*’ by 
promoting Ca^“^ deposition in bones. It also promotes 
the excretion of Ga^'*" by the kidneys. Its seeretion is 
eontrolled hnmorally by the level of ea^"^ in the blood. 
Hyperseeretion of thyroid hormones causes Graves 
disease. lodine defieieney causes simple goiter. 
Hyposeeretion of thyroid hormones in infants and 
ehildren causes eretinism; in adults, it causes myxedema. 

4 Parathyroid Glands 

The parathyroid glands are embedded in the posterior 
snrfaee of the thyroid gland. 

Parathyroid hormone inereases the level of blood Ga^'*' 
by promoting Ga^'*" removal from bones, Ca^“^ absorption 
from the intestine, and Ca^“^ retention by the kidneys. 
PTH also aetivates vitamin D, which helps stimnlate Ca^^ 
absorption by intestine. 

Parathyroid seeretion is eontrolled hnmorally by the 
level of blood Ca^“*“. 

Parathyroid hormone and ealeitonin work antagonistieally 
to regnlate blood Ca^“^ levels. 

Hyposeeretion of PTH causes tetany, which may result in 
death. Hyperseeretion causes weak, soft, deformed bones 
that may fraemre spontaneonsly. 


10.5 Adrenal Glands 

• An adrenal gland is loeated snperior to eaeh kidney. Eaeh 
gland eonsists of two parts: a deep adrenal mednlla and a 
snperfieial adrenal cortex. 

• The adrenal mednlla seeretes epinephrine and 
norepinephrine, which prepare the body to deal with 
emergeney simations. They inerease the heart rate, 
eirenlation to nervons and muscular systems, and 
glneose level in the blood. 

• The adrenal cortex seeretes a number of hormones that 
are elassified as mineraloeortieoids, glneoeortieoids, and 
androgens. 

• Aldosterone is the most important mineraloeortieoid. 

It helps to regnlate the eoneentration of eleetrolytes in 
the blood, espeeially sodium and potassinm ions, which 
inereases blood pressnre. 

• Gortisol is the most important glneoeortieoid. It 
promotes the formation of glneose from nonearbohydrate 
sonrees and inhibits inflammation. Its seeretion 

is regnlated by ACTH. 

• Gortisol is involved in the response to ehronie stress. 

• Small amonnts of androgens are seereted. They have little 
effeet in adult males but eontribme to the sex drive in 
adult females. 

• Hyposeeretion of eortisol causes Addison disease. 
Hyperseeretion causes Cushing syndrome. 

10.6 Panereas 

• The panereas is both an exocrine and an endoerine gland. 
Its hormones are formed by the panereatie islets, and their 
seeretions are eontrolled by the level of blood glneose. 

• Glneagon, from the alpha eells, inereases the level of 
blood glneose by stimnlating the liver to form glneose 
from glyeogen and some nonearbohydrate sonrees. 

• Insnlin, from the beta eells, deereases the level of blood 
glneose by aiding the movement of glneose into eells. 

• The antagonistie fnnetions of glneagon and insnlin keep 
the level of blood glneose within normal limits. 

• Hyposeeretion of insnlin or a deerease in the number of 
insulin reeeptors causes diabetes mellims. Hyperseeretion 
may cause hypoglyeemia. 

10.7 Gonads 

• Gonads are the sex glands: the ovaries in females and the 
testes in males. They seerete sex hormones, in addition 
to prodneing sex eells. The seeretion of these hormones 
is eontrolled by FSH and LH. 

• Estrogens are seereted by ovarian follieles and they 
stimnlate development of female reprodnetive organs and 
seeondary sex eharaeteristies. Estrogens also help to prepare 
the uterus for a preembryo and help to maintain pregnaney. 

• Progesterone is seereted mostly by the corpus luteum 
of the ovary after ovulation. It prepares the uterus for 
the preembryo, maintains pregnaney, and prepares the 
mammary glands for milk prodnetion. 

• The testes seerete testosterone, the male sex hormone 
that stimnlates the development of the male reprodne- 
tive organs and seeondary sex eharaeteristies. 
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10.8 Other Endoerine Glands and Tissues 

• The pineal gland is loeated near the roof of the third 
ventriele of the brain. It seeretes melatonin, which seems 
to lead to the inhibition of seeretion of FSH and LH by 
the anterior lobe of the pimitary gland. The pineal gland 
also seems to be involved in biorhythms. 


• The thymns is loeated in the thoraeie eavity snperior 
to the heart. It seeretes thymosins, which are involved 
in the matnration of white blood eells ealled T 
lymphoeytes. 

• Thymosins also seem to have anti-aging effeets. 



Answers are loeated in appendix B. 

1 . ehemieal eoordination of body fnnetions is the fnnetion 

of the_system, whose glands seerete_that 

serve as ehemieal messengers. 

2. A partienlar hormone affeets only those eells that have 
_for that hormone. 

3. _hormones use a seeond messenger to produce 

their eharaeteristie effeets on eells. 

4. The seeretion of most hormones is regnlated by a_ 

meehanism. 

5. The seeretion of pimitary hormones is regnlated by a 

part of the brain ealled the_. 

6 . The pitnitary gland seeretes four hormones that regnlate 

seeretion of other endoerine glands._aets on the 

thyroid gland; ACTH aets on the_;_and 

_aet on the gonads. 


7. Metabolie rate is regnlated by_seereted by 

the_. 

8 . The eoneentration of ea^"^ in the blood is regnlated by 

two hormones with antagonistie aetions:_promotes 

ea^"^ deposition in bones;_promotes ea^'*' removal 

from bones. 

9. Seeretions of the adrenal_prepare the body to 

reaet in emergeneies. 

10. The primary hormone regnlating the eoneentration of 

mineral ions in the blood is_. 

11. The panereatie hormone that inereases the eoneentration 

of blood glneose is_. 

12. The primary sex hormones in females are_ 

and _; the male sex hormone is_. 


Gritieal Thinkin 


1. Some hormones affeet many widely distribnted eells in the body but others affeet relatively few, loealized eells. Explain how 
this occurs. 

2 . A blood test indieates that a patient has a Iow level of thyroxine. What are three possible causes of this eondition? Explain. 

3. A mmor in the parathyroid gland causes hyperseeretion of PTH. Prediet (1) the effeets of this hormone on the skeletal system 
and ( 2 ) the effeets on ealeitonin prodnetion. 

4. Using what you have learned about the endoerine system, explain why individnals who work the "'night shift” have such a 
hard time staying awake. 
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Phillip, at the age of 35, has been aetively donating 
blood at the loeal Red Cross ehapter for ten years. 
Sinee he is type AB+, his vvhole blood donations 
ean be used to help only type AB+ patients in need. 
Hovvever, at his last visit, Phillip learned that he 
had the ability to help more people by donating his 
platelets and plasma speeifieally. Ganeer patients 
undergoing ehemotherapy ean suffer from platelet 
defieieney, vvhieh results in an inereased risk 
of bleeding. These patients usually benefit from 
platelet transfusions to supplement vvhat their ovvn 
bodies eannot produce. Plasma, speeifieally the 
proteins vvithin it, is frequently used to treat many 
rare diseases, such as bleeding disorders, immune 
defieieney disorders, and rabies. Because Phillip has 
type AB+ blood, his plasma laeks antibodies that 
are eapable of ereating adverse reaetions in people 
vvith other blood types. Sinee his plasma ean be 
transfused into anyone vvith need safely, Phillip is 
eonsidered a “universal plasma donor.’’ Phillip’s next 
appointment is in a fevv vveeks and he is excited 
that, by donating speeifie blood eomponents, he vvil 
be able to do so much for so many. 
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SELEGTED KEY TERMS 


Agglutination (agglutin = to 
stiek together) The clumping 
of red blood eells in an antigen- 
antibody reaetion. 

Coagulation The formation of a 
blood elot. 

Embolns A moving blood elot or 
foreign body in the blood. 

Formed elements The solid eom- 
ponents of blood: red blood eells, 
white blood eells, and platelets. 


Hematopoiesis (hemato = blood; 
poiesis = to make) The formation 
of formed elements. 

Hemoglobin (hemo = blood) The 
pigmented protein in red blood 
eells, involved in transporting 
oxygen and earbon dioxide. 
Hemostasis (hemo = blood; 
stasis = standing still) The 
stoppage of bleeding. 

Plasma The liquid portion of blood. 


Platelet A eellnlar fragment 
in blood, involved in blood elot 
formation. 

Red blood eell A hemoglobin- 
eontaining blood eell that transports 
respiratory gases; an erythroeyte. 
Thrombns A stationary blood elot 
or foreign body in a blood vessel. 
White blood eell A blood eell 
that has defensive and immune 
fnnetions; a lenkoeyte. 


BLOOD IS USUALLY OONFINED VVITHIN THE HEART 
AND BLOOD VESSELS as it transports materials from 
plaee to plaee within the body. Snbstanees earried by 
blood inelnde oxygen, earbon dioxide, nntrients, waste 
prodnets, hormones, eleetrolytes, and water. Blood also 
has several regnlatory and proteetive fnnetions that will 
be deseribed in this ehapter. 

11.1 General Characterìstics 
of Blood 

Learning Objeetive 

1. Deseribe the general eharaeteristies and functions of 
blood. 

Blood is elassified as a eonneetive tissue that is eomposed 
of formed elements (the solid eomponents, inelnding 
blood eells and platelets) snspended in plasma, the liq- 
uid portion (matrix) of the blood. It is one of the two fluid 
eonneetive tissnes in the body. Blood is heavier and about 
four times more viscous than water. It is slightly alkaline, 
with a pH between 7.35 and 7.45. The volume of blood 
varies with the size of the individual, but it averages 5 to 
6 liters in males and 4 to 5 liters in females. Blood eom- 
prises about 8% of the body weight. 

About 55% of the blood volume eonsists of plasma, 
and 45% is made up of formed elements. Beeanse the 
majority of the formed elements are red blood eells 
(RBCs), it ean be said that almost 45% of the blood volume 
eonsists of red blood eells. White blood eells (WBCs) and 
platelets eombined form less than 1% of the blood volume 
(figure 11.1). 

The great number of formed elements in blood is 
hard to imagine. There are approximately 5 million RBCs, 
7,500 WBCs, and 300,000 platelets in one single miero- 
liter (|il). A single drop of blood due to a finger stiek 
(approximately 50 ul) eontains 250 million RBCs! 



Withdraw 





Plasma 
(55% of whole 
blood) 



White blood eells 
and platelets 
(<1% of whole blood) 

Red blood eells 
(45% of whole blood) 


Formed 

elements 


(a) Centrifuged Blood 
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(h)Blood Smear 



Platelets 


WBCs 


RBCs 


Figure 11.1 Blood Gonsists of Plasma and Formed 
Elements. 

(a) If blood is centrifuged, the RBCs sink to the bottom 
of the tube and the liquid plasma forms the top layer. 
WBCs and platelets form a thin layer between the two. 

(b) The mieroseopie appearanee of formed elements in 
a smear of blood. [ÀP|R| 
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11.2 Red Blood Cells 

Learning Objeetives 

2. Deseribe the appearanee and normal eoneentration 
of RBCs in blood. 

3. Deseribe the structure of hemoglobin and its role. 

4. Explain how the RBCs are produced and destroyed. 

Red blood eells, or erythroeytes (eh-rith'-ró-sits), are 
tiny, bieoneave dises that are involved in respiratory gas 
transport thronghont the body. The bieoneave shape 
ereates maximal snrfaee area of the eell for the diffnsion 
of these gases throngh the plasma membrane. Mamre 
RBCs laek a nnelens and other organelles, althongh 
these are present in immatnre RBCs (fignres 11.1, 11.2, 
and 11.4). 

Hemoglobin 

Abont 33% of eaeh red blood eell, by volnme, eonsists 
of hemoglobin (hé'-mò-glò-bin). Hemoglobin is so named 
beeanse it eonsists of heme, an iron-eontaining pigment 
moleenle, and a ylobin, a globe-like protein. Blood is red 
beeanse heme is a reddish pigment. Hemoglobin eom- 
bines reversibly with oxygen and plays a vital role in the 
transport of oxygen by RBCs. It also plays a minor role in 
earbon dioxide transport. 

When blood flows throngh the Inngs, oxygen dif- 
fnses from air spaees in the Inngs into the blood. Oxy- 
gen enters RBCs and eombines with hemoglobin to form 
oxyhemoglobin, which gives a bright red eolor to 
blood. After the release of some oxygen from oxyhemo- 
globin to body eells, the resnltant deoxyhemoglobin 
earries a small amonnt of earbon dioxide from body eells 
baek to the Inngs for removal. The redneed amonnt of 
oxygen earried by the deoxyhemoglobin gives a dark red 
eolor to blood. The meehanisms of transporting oxygen 
and earbon dioxide are eovered in ehapter 14. 

eoneentration of Red Blood Cells 

Red blood eells are by far the most abnndant blood eells. 
An RBC eoant is a rontine elinieal test to determine the 
nnmber of RBCs in a |il of blood. For adnlt males, healthy 
valnes range from 4.7 to 6.1 million RBCs per |jil. For adnlt 
females, healthy valnes range from 4.2 to 5.4 million RBCs 
per |il. The hematoerit, another eommon elinieal test to 
determine the eoneentration of RBCs, is the pereentage 
by volnme of RBCs in the blood. Average healthy val- 
ues are 47% in adult males and 42% in adult females. 
The higher value in males resnlts from the presenee of 
testosterone, in order to meet the demands of a male's 
higher metabolie rate. Testosterone inereases levels of a 
hormone ealled erythropoietin, whose hmetion will be 
disenssed shortly. 



Figure 11.2 Afalse-eolor seanning eleetron mierograph 
of human red blood eells (5000x). 

The eoneentration of RBCs and the hemoylobin 
pereentaye of the blood are eommonly measnred to 
determine the blood oxygen-carrying eapaeity. Hemo- 
globin pereentage is the hemoglobin eontent expressed 
in grams per 100 ml of blood. Average healthy values 
are 14.9 + 1.5 g for adult males and 13.7 + 1.5 g for 
adult females. 

Normal values of RBCs per |il of blood also vary with 
altimde. The eoneentration of RBCs is greater in persons 
living at higher altimdes beeanse of the redneed oxygen 
eoneentration in air. This rednees the rate at which oxy- 
gen ean enter the blood, eansing a deeline in the eoneen- 
tration of oxygen in the blood, which, in mrn, stimnlates 
RBC prodnetion. 

Productien 

Prior to birth, red blood eells are prodneed largely by the 
liver and spleen but, after birth, production occurs only 
in the red bone marrow (myeloid tissue). In infants, RBCs 
are formed in the red bone marrow of all bones but in 
adults RBC formation primarily occurs in the red bone 
marrow of the skull bones, ribs, sternnm, vertebrae, and 
coxal bones, as red bone marrow beeomes restrieted to 
these areas. 

Red blood eell prodnetion varies with the oxygen 
eoneentration of the blood in a negative-feedbaek 
meehanism. If the kidneys and liver sense low blood 
oxygen eoneentration (hypoxemia), such as occurs 
with blood loss, they release erythropoietin (e-rith- 
ro-poi'-etin) (EPO), a hormone that stimnlates red bone 
marrow to prodnee more RBCs. When the newly made 
RBCs restore blood oxygen homeostasis, prodnetion of 
EPO deelines, eansing a deerease in RBC prodnetion 
(figure 11.3). A small amount of EPO is always present 
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Figure 11.3 A negative-feedbaek meehanism eorreets 
for a deereased eoneentration in blood. When blood 
O 2 eoneentration returns to normal, erythropoietin 
seeretion deelines to a basal level. &PIR] 


to maintain RBC production at a basal rate. Note that 
the eoneentration of oxygen in blood triggers the 
negative-feedbaek meehanism, which regulates EPO 
seeretion and, therefore, RBC production. 

Iron, folie aeid, and vitamin B12 are required for 
RBC production. Iron is required for hemoglobin synthe- 
sis because eaeh hemoglobin molecule eontains four iron 
ions. Folie aeid and vitamin B12 are required for DNA syn- 
thesis during early stages of RBC formation in red bone 
marrow. Vitamin B12 is sometimes ealled the extrinsic 
faetor because it is obtained from a source external to the 
body, such as the diet or an injeetion. Effeetive absorption 
of vitamin B12 from the digestive traet into the blood is 
faeilitated by intrinsie faetor, a glyeoprotein seereted by 
the stomaeh. 

All formed elements, including RBCs, develop 
from stem eells ealled hemoeytoblasts in red bone 
marrow in a proeess ealled hematopoiesis. Hemoeyto- 
blasts divide to form myeloid stem eells and lymphoid 
stem eells, which, in turn, divide to produce the pre- 
cursor eells that develop into speeifie types of blood 
eells and platelets. The pattern of eell division and 


development is shown in figure 11.4. Note that RBCs 
lose their nuclei and other organelles as they mature. 

Life Span and Destrnetion 

The life span of red blood eells is about 120 days, and 
trillions of RBCs are destroyed and produced at a rate of 
about 2 million per seeond! Normally, destruction and 
production are kept in balanee. 

The plasma membranes of newly formed RBCs are 
flexible, which allows them to ehange shape as they 
pass through small blood vessels. However, with age the 
membranes lose their elastieity and beeome fragile and 
damaged because RBCs laek the organelles neeessary to 
make membrane repairs. Worn-out RBCs are removed 
from circulation in the liver and spleen by phagoeytie 
eells ealled maerophages (mak'-ró-fàj-es). Maerophages 
engulf and digest old and damaged RBCs in phagoeytie 
vesieles. See ehapter 3 to refresh your understanding of 
phagoeytosis. 

The globin portion of hemoglobin is broken down 
into amino aeids, which are reused for forming new 
hemoglobin and other proteins in the body. The heme 
portion of hemoglobin is broken down into an iron ion 
and a yellow pigment, bilirabin (bil-i-ru'-bin). The iron ion 
may be temporarily stored in the liver or spleen before 
being transported to the red bone marrow and used to 
form more hemoglobin. Bilirubin is seereted by the liver 
in bile, which is earried by the bile duct into the small 
intestine for disposal. 



Elevated levels of blood bilirubin lead to Jaundìce, 
a yellowing of the skin, mucous membranes, and 
selera. It is eommonly caused by impeding the 
removal of bilirubin from the blood due to mal- 
function of the liver or kidneys, or obstruction 
of the bile duct. An elevated rate of RBC break- 
down with eertain disorders and diseases, such as 
siekle eell disease and malaria, direetly inereases 
blood bilirubin levels and the ehanee of develop- 
ingjaundice. Newborns may experience jaundice 
because their livers are not mature enough to 
proeess the bilirubin resulting from the regular 
destruction of RBCs. 




eheek 



LJnderstanding 



1. How does hemoglobin contribute to the hmetion 
of red blood eells? 

2. How is RBC production regulated? 
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Figure 11.4 Formed elements develop from hemoeytoblast in red bone marrovv. The eolor of the eells and platelets 
results from staining vvith VVright stain. 


11.3 White Blood Cells 

Learning Objeetives 

5. Deseribe the structure and functions of eaeh type of 

WBC. 

6. Deseribe the production of WBCs. 

7. indieate the normal eoneentration of WBCs in blood 
and the pereentage of eaeh type of WBC. 

White blood eells, or leakoeytes (lu-'ko-sits) are so 
named because pus and the buffy eoat are M^hite. These 
spherieal eells are the only formed elements with nuclei 
and other organelles. A healthy person's WBC count is 
typieally 4,500 to 10,000 per |il of blood. However, the 
number of a particular type of WBC inereases whenever 
the body eneonnters pathogens (disease-eansing organ- 
isms or ehemieals) that it destroys. 

Like other formed elements, WBCs are derived from 
the hemoeytoblasts in the red bone marrow and their 


lifespan ranges from a few hours to many years. Their pro- 
dnetion is regnlated by ehemieal signals released by red 
bone marrow eells, WBCs, and lymphoid tissnes. 

Function 

White blood eells help provide a defense against 
pathogens and eertain eells either promote or deerease 
inflammatory responses. Most of the hmetions of 
WBCs are performed within tissnes loeated external to 
blood vessels. WBCs have the ability to move throngh 
eapillary walls into tissnes in response to ehemieals 
released by damaged tissnes or pathogens. They are 
able to follow a 'Themieal traiL throngh the tissue 
spaees to reaeh the source of the ehemieal, a behavior 
ealled chemotaxis. WBCs move by ameboid movement, 
a motion eharaeterized by flowing extensions of eyto- 
plasm that pull the eell along. The eongregated WBCs 
then work to destroy dead eells, pathogens, and foreign 
snbstanees. 
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Siekle-eell disease (siekle-eell anemia) is an inherited 
hemolytie disorder that affeets about 0.2% of blaek 
Amerieans. Afflieted persons have inherited two 
abnormal forms of the gene responsible for hemo- 
globin formation, which causes their hemoglobin 
to differ from normal hemoglobin by only a single 
amino aeid. This small ehange is sufficient to cause 
RBCs to be siekle-shaped (C-shaped) or elongated 
and pointed. Such RBCs tend to clump together and 
bloek tiny arteries, depriving tissues of oxygen and 
causing intense pain and fatigue. This ean lead to 
kidney disease, stroke, brain damage, and heart fail- 
ure. The abnormal hemoglobin eannot transport oxy- 
gen effieiently, and the fragile RBCs rupture, further 
reducing the oxygen-carrying eapaeity of the blood. 
Without treatment, life expectancy is less than two 
years of age. With treatment, it is about age 50. 

Persons who inherit only one abnormal form of 
the gene have a eondition known as slekle-eell trait. 
They rarely have severe symptoms. About 8.3% of 
blaek Amerieans have siekle-eell trait. If a man and a 
woman, eaeh with siekle-eell trait, reproduce, eaeh of 
their ehildren has a 25% ehanee of inheriting siekle- 
eell disease. 

Siekle-eell disease apparently originated in 
tropieal Afriea where malaria was prevalent. Persons 



with siekle-eell trait have a natural resistanee against 
the malarial parasite, which invades RBCs. This resis- 
tanee to malaria is what has enabled the abnormal form 
of the gene to persist. 






/ 


/ 


I 





Siekle-shaped RBC 




Healthy RBC 



Some WBCs destroy pathogens and eellnlar debris 
by phagoeytosis. Others release ehemieals that elnmp 
pathogens together, aiding phagoeytosis, and still others 
release ehemieals that kill pathogens. How WBCs fight 
disease is disenssed in ehapter 13. 


eytoplasmie grannles. Agrannloeytes are distingnished 
from eaeh other by eell size and nnelear shape. Lympho- 
eytes are only slightly larger than RBCs, while monoeytes 
are two to three times larger than RBCs. See table 11.1 
and fignre 11.5. 


Types of White Blood Cells 

White blood eells may be distingnished from red blood 
eells by mieroseopie examination of fresh blood. How- 
ever, WBCs must be stained in order to distinguish them 
from eaeh other. 

The five types of WBCs are nemrophils, eosino- 
phils, basophils, lymphoeytes, and monoeytes. WBCs 
are elassified by the presenee or absenee of visible 
eytoplasmie grannles when stained with Wright stain. 
Nentrophils, eosinophils, and basophils are eolleetively 
known as granulocytes (gran'-u-lò-s its), because their 
eytoplasms eontain small, eolored grannles. Lympho- 
eytes and monoeytes laek visible grannles and are there- 
fore ealled agranulocytes. Grannloeytes are about 1.5 
times larger than RBCs, and are distingnished from eaeh 
other by the shapes of their nuclei and the eolor of their 


Neutrophils 

Neutrophils (nu'-tró-fils) are the most abundant white 
blood eells and form 40% to 60% of the total WBCs. They 
are distingnished by a nucleus with two to five lobes and 
inconspicuous lavender-staining grannles. Nentrophils are 
attraeted by ehemieals released from damaged tissnes and 
are the first WBCs to respond to tissue damage. They engulf 
baeteria and eellnlar debris by phagoeytosis and release the 
enzyme lysozyme, which destroys some baeteria. The num- 
ber of neutrophils inereases dramatieally in acute baeterial 
infeetions. Their primary fnnetion is to destroy baeteria. 


Eosinophils 

Eosinophils (è-ó-sin'-ò-fils) eonstimte 1% to 4% of the 
white blood eells. They are eharaeterized by a bilobed 
nucleus and red-staining eytoplasmie grannles. Eosinophils 
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Table 11.1 Formed Elements in Blood 


Formed Elements Deseription 


Healthy Count Function 


Red blood eells 

VVhite blood eells 
Granulocytes 
Neotrophils 

Eosinophils 

Basophils 

Agranulocytes 

Lymphoeytes 

Monoeytes 

Platelets 


Bieoneave dises; no nucleus 
and other organelles; eontain 
hemoglobin 

Spherieal shape; have nucleus 
and other organells 

eytoplasmie granules present; 
1.5 times larger than RBCs 

Nucleus vvith tvvo to five lobes; 
tiny eytoplasmie granules stain 
lavender 


4.2-5.4 million/[xl in females; 
4.7-6.1 million/|jLl in males 

4,500-10,000/[JLl 


40%-60% of total VVBCs 


Transport and eo^ 


Help provide the body vvith defense 
and immunity 


Phagoeytize baeteria and cellular 
debris 


Nucleus bilobed; eytoplasmie 1%-4% of total VVBCs 
granules stain red 


Nucleus U-shaped or bilobed; 0.5%-1% of total VVBCs 

eytoplasmie granules stain 

blue 

eytoplasmie granules absent 

Very little eytoplasm around 20%-40% of total VVBCs 
spherieal nucleus; slightly larger 
than RBCs 


Counteract histamine released in 
allergie reaetions; destroy parasitie 
vvorms; phagoeytize antigen- 
antibody complexes 

Intensify inflammatory response in 
allergie reaetions by releasing hista- 
mine and heparin 


Provide immunity by producing anti- 
bodies and destroying pathogens 
and abnormal eells 


Nucleus usually U- to kidney- 2%-8% of total VVBCs Phagoeytosis of baeteria and cellular 

shaped; tvvo to three times larger debris 

than RBCs 


Tiny eytoplasmie fragments 150,000-400,000/[xl 


Form platelet plugs and start elotting 
ofthe blood 


reduce inflammation by neutralizing histamine, a ehemi- 
eal released by basophils during allergie reaetions. They 
also destroy parasitie worms and phagoeytize antigen- 
antibody complexes. 

Basophils 

Basophìls (bà'-sò-fils) are the least numerous of the white 
blood eells, forming only 0.5% to 1% of the WBCs. They 
are eharaeterized by a nucleus that is Ll-shaped or bilobed 
and by large, blue-staining eytoplasmie grannles. They 
release histamine and heparin when tissnes are damaged 
and in allergie reaetions. Histamine promotes inflamma- 
tion by dilating blood vessels to inerease blood flow in 
affeeted areas and making blood vessels more permeable, 
which allows other WBCs to enter the affeeted tissnes. 
Heparin inhibits elot formation. 

Lymphoeytes 

Lymphoeytes (lim'-fò-sits) form 20% to 40% of the eir- 
enlating white blood eells. They are the smallest WBCs 
and are distingnished by a spherieal nucleus that is envel- 
oped by very little eytoplasm. Lymphoeytes are espeeially 


abnndant in lymphoid tissnes and play a vital role in 
immnnity, a defense meehanism that fights against speeifie 
antigens and builds a memory of these encounters. There 
are two types of lymphoeytes. T lymphoeytes direetly 
attaek and destroy pathogens (baeteria and virnses), and 
B lymphoeytes develop into antibody-prodneing plasma 
eells in response to foreign antigens. The details of lym- 
phoeytes and immnnity are disenssed in ehapter 13. 




niea 


nsiqh 


A eomplete blood count (CBC) is one of the most 
eommon and elinieally useful blood tests. It eon- 
sists of several different blood tests, some of which 
are RBC count, WBC count, platelet count, differ- 
ential WBC count (the pereentage of eaeh type of 
WBC), hematoerit, and hemoglobin pereentage. 
Abnormal values for these tests are assoeiated 
with infectious and inflammatory proeesses and 
with speeifie blood disorders. 
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(a) Neutrophil (b) Eosinophil 



(e) Basophil 



(d) Lymphoeyte 


Figure 11.5 White Blood Cells (x1,200). 

Note the platelets indieated by the arrovvs in (a) and (d). 
The eells in the figure have been stained vvith Wright 
stain. {^\HÌ 

Monoeytes 

Monoeytes (mon'-ò-sits) are the largest white blood eells, 
and they eomprise 2% to 8% of the WBCs. A U-shaped or 
kidney-shaped nnelens and abnndant eytoplasm distin- 
gnish monoeytes. Monoeytes are aetive in phagoeytosis. 
The nnmber of monoeytes in the blood inereases dnring 
viral infeetions and inflammation of tissnes. Monoeytes 
in body tissnes are ealled maerophages. They are very 
aetive phagoeytie eells that join with nentrophils to elean 
up damaged tissues and pathogens. They earry out their 
fìanetions of engnlfing dead eells, eellnlar debris, and bae- 
teria only after migrating into body tissnes. 


(e) Monoeyte 
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eheek 



IJnderstanding 


3. What are the functions of eaeh type of WBC? 

4. What are the eharaeteristies that differentiate 
eaeh type of WBC? 


J 


11.4 Platelets 

Learning Objeetives 

8. Deseribe the structure, production, and normal eon- 
eentration of platelets. 

9. Deseribe the function of platelets. 

Platelets are actually eytoplasmie fragments of mega- 
karyoegtes, large eells that develop from hemoeytoblasts 
in red bone marrow (see figure 11.4). A platelet is eom- 
posed of eytoplasm wrapped by plasma membrane and is 
much smaller than a red blood eell (see figure ll.Sa, d). 
There are typieally 150,000 to 400,000 platelets per p.1 
of blood and their life span is about one to two weeks. 
The primary role of platelets is to stop bleeding. When 
a blood vessel is injured, platelets clump together at the 
injured site while releasing ehemieals that promote vas- 
cular spasm and coagulation, which are discussed later 
(figure 11.6). 


Albumìns form about 60% of the plasma proteins. 
Albumins play an important role in transporting many 
hydrophobie substances, including lipids, lipid-soluble 
vitamins, some hormones, and eertain ions. They also serve 
as buffers that help to keep the pH of the blood within 
narrow limits and play an important role in maintaining 
the osmotie pressure of the blood. Osmotie pressure deter- 
mines the water balanee between the blood and body eells. 
If osmotie pressure of the blood deelines, water moves into 
the body tissues and causes the tissues to swell (edema). 
This also deereases blood volume and, in severe eases, may 
deerease blood pressure as well. If osmotie pressure of 
the blood inereases, water moves into the blood, causing 
an inerease in blood volume and in blood pressure while 
reducing the amount of water available to body eells. 

Globulìns form about 36% of plasma proteins. The 
three types of globulins are alpha, beta, and gamma globu- 
lins. Many alpha and beta globulins play a role in earrying 
hydrophobie substances. Alpha and beta globulins make up 
the protein portion of low-density lipoproteins (LDLs) and 
high-density lipoproteins (HDLs), which function in trans- 
porting lipids. Gamma globulins are antibodies, or immuno- 
globulins, which are produced by the B lymphoeytes and 
are involved in immunity (see ehapter 13 for details). 

Fibrinogen forms only 4% of the plasma proteins, 
but it plays a vital role in the blood-elotting proeess. 
Fibrinogen is a soluble protein that is eonverted to insol- 
uble fibrin to form blood elots (figure 11.6). 


11.5 Plasma 

Learning Objeetive 

10. Explain the importanee of the normal eomponents of 
plasma. 

Plasma is the fluid portion of the blood and eonsists 
of over 90% water. Water is the liquid earrier of plasma 
solutes (dissolved substances) and formed elements, in 
addition to being the solvent of all living systems. Plasma 
eontains a great variety of solutes, such as nutrients, 
enzymes, hormones, antibodies, waste products, elee- 
trolytes, and respiratory gases. Table 11.2 lists the major 
types of solutes in plasma. Plasma solutes are eonstantly 
being added and removed, so the solutes are normally in a 
state of dynamie balanee that is maintained 
homeostatie meehanisms. 

Plasma Proteins 

Plasma proteins are the most abundant solutes. They are 
not used as an energy source but remain in the plasma. 
Less than 1% of plasma proteins are enzymes and hor- 
mones. The three major groups of plasma proteins are 
albumin, globulins, and fibrinogen. Except for gamma 
globulins, plasma proteins are produced by the liver and 
are released into the blood. 


by a variety of 


Nitrogeneos Wastes 

Nitrogenous wastes are nitrogen-eontaining substances 
that include ammonia, urea, uric aeid, and ereatinine. 
Ammonia and urea are wastes produced during protein 
metabolism. Uric aeid eomes from the eatabolism of 
nucleic aeids. Creatinine is produced as a result of ereatine 
phosphate breakdown in the muscle eells (see ehapter 7). 
These wastes are earried in the blood to the kidneys, 
where they are excreted into urine. Plasma levels of these 
wastes are eommonly used as indieators of kidney health. 

Eleetrolytes 

Most of the plasma eleetrolytes are ions of inorganie 
compounds that are either absorbed from the intestine 
or released from body eells. The eommon eleetrolytes 
include sodium ions (Na"^), potassium ions (K"^), calcium 
ions (Ga^"^), ehloride ions (Cl“), biearbonate ions (HGO^^), 
and phosphate ions (PO^^"). Eleetrolytes help to maintain 
the osmotie pressure and pH of the blood, and a normal 
ionie balanee between interstitial fluid and blood. 



eheek 



IJnderstanding 


5. What are the major eomponents of blood plasma? 
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Table 11.2 Major Solutes in Blood Plasma 

Solute Deseription 


Albumins 
Globulins 
Fibrinogen 
Nitrogenous vvastes 

Nutrients 

Enzymes and hormones 
Eieetroiytes 

Respiratory gases 


Heip transport hydrophobie substances, maintain osmotie pressure and pH of biood 
Aipha and beta types transport iipids; gamma type is antibodies 
Soiubie protein that is eonverted to insoiubie fibrin during formation of biood eiot 
Breakdovvn products of proteins, nucieic aeids, and ereatine phosphate 

Amino aeids, fatty aeids, giyeeroi, vitamins, and giucose 
Heip reguiate metaboiie proeesses 

Heip reguiate biood pH, osmotie pressure, and the ionie baianee betvveen biood and 
interstitiai fiuid 

Approximateiy 1.5% of the oxygen and 7% of the earbon dioxide transported by biood 
is dissoived in piasma 




niea 
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High ieveis of biood ehoiesteroi are assoeiated 
with an inereased risk of heart disease. Ghoiesteroi 
occurs in the biood in eombination with trigiyeerides 
and earrier proteins. These iipid-protein compiexes 
are eaiied Hpoproteìns. Gonsiderabie evidenee iinks 
a high eoneentration of biood iow-density iipoprotein 
(LDL), the so-eaiied “bad” ehoiesteroi, with heart dis- 
ease. In eontrast, high levels of blood high-density 
ipoprotein (HDL), the “good” eholesterol, reduce the 
risk of heart disease. Blood eholesterol levels result 
from a eombination of heredity, diet, and exercise. 


A total blood eholesterol level less than 200 mg/dl 
(milligrams per deeiliter) is a desirable goal. A blood LDL 
eoneentration of 100 to 130 mg/dl is near optimal. Per- 
sons at risk of eoronary artery disease, such as smokers 
and the elderly, should strive for an LDL level less than 
100. Reducing the amount of saturated fats (red meat, 
milk products, and egg yolks) and trans fats (present in 
hydrogenated oils) in the diet ean deerease the LDL level. 

Desired HDL levels average 40 to 50 mg/dl in 
men and 50 to 60 mg/dl in women. HDL levels may be 
inereased by exercise and maintaining a healthy weight. 


11.6 Hemostasis 

Learning Objeetive 

11. Deseribe the sequence of events that occurs during 
hemostasis. 

Whenever blood vessels are damaged, the loss of blood 
poses a eonsiderable threat to homeostasis. Hemostasis 
is a positive-feedbaek meehanism initiated afeer vasenlar 
injnry to stop or limit blood loss. There are three sepa- 
rate but interrelated proeesses involved in hemostasis: 
vascular spasm, platelet plug formation, and eoagnlation 
(figure 11.6). Notiee that homeostasis and hemostasis are 
different words. 

Yascular Spasm 

A vasealar spasm, or eonstrietion, of the blood vessel 
resnlts from eontraetion of smooth muscle within the 
vessel wall at the damaged site (figure 11.óa). Physieal 
damage to the vessel causes the release of ehemieals that 
initiate the spasm. Narrowing of the blood vessel restriets 


blood loss from the damaged vessel and it lasts for several 
minntes, which allows time for formation of the platelet 
plug and elotting. As platelets accumulate at the site of 
the damage, they seerete serotonin, a ehemieal that eon- 
tinues the eontraetion of the smooth mnseles in the dam- 
aged vessel. 

Plalelet Plug Formation 

Platelets normally do not stiek to eaeh other or to the 
wall of the blood vessel beeanse the vessel wall eon- 
tains several snbstanees that repel platelets. However, 
when a vessel is damaged, the eollagen in areolar eon- 
neetive tissue is exposed. Platelets are attraeted to 
the site and adhere to the negatively eharged eollagen 
and to eaeh other so that a elnster of platelets accu- 
mulates to plug the break (figure 11.6ò). This proeess 
is enhaneed by the ehemieals released from both the 
damaged blood vessel wall and platelets aggregated at 
the damaged site. The formation of a platelet plug may 
not seal off the damaged blood vessel but it sets the 
stage for coagulation. 
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Coagulation 

Coagulatìon (kó-ag-u-là'-shun), or blood elotting, is the most 
effeetive proeess of hemostasis. The formation of a blood elot 
is a complex series of ehemieal reaetions involving many sub- 
stanees. Blood eontains both proeoagalants, snbstanees that 
promote elotting, and antieoagalants, snbstanees that inhibit 
elotting. Normally, the antieoagnlants predominate and 
blood does not elot. However, when a vessel is injnred, the 
inerease in proeoagnlant aetivity starts the elotting proeess. 

eiot formation is a complex proeess but it is eom- 
pleted within three minntes after a blood vessel has been 
damaged. The elot is restrieted to the site of damage 
beeanse that is where proeoagnlants outnumber antieoag- 
ulants. The key steps in eoagnlation are snmmarized here 
and shown in figure 11.6c; 


1. Damaged tissues release thromboplastin and 
aggregated platelets release platelet faetors, which 
reaet with several elotting faetors in the plasma to 
prodnee prothrombin aetivator. 

2. In the presenee of ealeinm ions, prothrombin 
aetivator stimnlates the eonversion of 
prothrombin, an inaetive enzyme, into the aetive 
enzyme thrombin. 

3. In the presenee of ealeinm ions, thrombin 
eonverts moleenles of fibrinogen, a solnble plasma 
protein, into threadlike, intereonneeted strands 
of insolnble fibrin. Fibrin strands erosslink to 
form a meshwork that entraps blood eells and 
platelets and stieks to the damaged tissue to form 
a thrombus, a blood elot. 


eontraetion of vessel wall 


Damaged blood 
vessel wall 


Vascular spasm 



Endothelial eells 


Platelets 


Vessel injury 


(a) 


Platelet plug 
formation 


(b) 



Gollagen fibers 


Platelet plug 


Coagulation 



Ca2+ 


t 




(e) 



Fibrin 


Figure 11.6 Proeesses of Hemostasis. 

(a) Vascular spasm. (b) Platelet plug formation. (e) Coagulation. 
















































Pan 4 Maintenanee of the Body 



Sometimes unwanted blood elots (thrombi) form in 
unbroken blood vessels, where they may pose a seri- 
ous health threat. Gertain enzymes, such as strepto- 
kinase and urokinase, have been used for some time 
to help dissolve such elots. It is also eommon to use a 
form of tissue plasminogen aetivator (tPA) to dissolve 
thrombi. Sinee it is an engineered form of a elot- 
dissolving enzyme that naturally occurs in the body. 


unwanted side effeets are minimal. tPA is less likely to 
trigger allergie reaetions or antibody production. 

Persons at risk for thrombus formation may be 
advised to take periodie low dosages of aspirin as a 
preventive measure. Aspirin inhibits platelets’ release 
of thromboxanes, which are essential for all three pro- 
eesses of hemostasis. In this way, aspirin slows elotting 
and helps prevent thrombus formation. 


Afeer a elot has formed, the platelets pull on the 
fibrin strands to bring the damaged edges eloser together, 
which is important for vessel healing and the formation of 
a more eompaet elot that is harder to dislodge (figure 11.7). 
Simultaneously, fibroblasts migrate into the elot and form 
dense irregnlar eonneetive tissue that repairs the damaged 



Figure 11.7 Digitally-generated illustration simulating a 
mieroseopie view of a blood elot, which eonsists of blood 
eells and platelets trapped in a meshwork of fibrin strands. 


area. As healing occurs, tissne plasminogen (plaz-min'-o-jen) 
aetivator (tPA), released by the tissnes of the damaged 
blood vessel, eonverts plasminogen, an inaetive enzyme in 
blood plasma, into plasmin, its aetive form. Plasmin breaks 
down fibrin and dissolves the blood elot. 



eheek 



IJnderstanding 


6. What are the three major proeesses in 
hemostasis? 

7. How are blood elots formed? 

V___ 


J 


11.7 Human Blood Types 

Learning Objeetives 

12. Explain the basis of blood typing and why it is 
important. 

13. Identify the blood typing antigens and antibodies in 
eaeh ABO blood type and Rh blood type. 

Several different blood types occur in humans. The most 
familiar ones involve the ABO blood group (types A, B, 
AB, and O) and the Rh blood group (Rh+ and Rh—). 

Blood types are elassified by the presenee or absenee 
of eertain antigens, which are glyeoproteins and glyeo- 
lipids, loeated within the plasma membranes of the red 
blood eells. Eaeh person has a unique set of RBC antigens 
that are inherited and remain nnehanged throughout 
life. Within the plasma, an individnal possesses antibod- 
ies against antigens that are not present on the RBCs. 
Remember, antibodies are defensive proteins prodneed 
by plasma eells. Whenever RBCs with one type of antigen 
are transfnsed into the blood of a person whose RBCs do 
not possess the antigen, the antigens on the transfnsed 
RBCs are reeognized as foreign by the reeipiends antibod- 
ies and agglntination occurs. During agglutìnatìon, the 
reeipienTs antibodies bind to the antigens on the trans- 
fused RBCs, which causes the RBCs to clump together. 
This reaetion ean be fatal beeanse the clumps of RBCs 
bloek small vessels and deprive the tissnes snpplied by 
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these vessels of nntrients and oxygen. Of the 600 poten- 
tial antigens on hnman RBCs, only a few ean eanse signifi- 
eant agglntination in a blood transfnsion. These antigens 
are the A antigen, B antigen, and Rh antigen. 

ABO Blood Groop 

The ABO blood gronp inelndes types A, B, AB, and O 
blood, which are elassified by the presenee or absenee of 
A and B antigens on red blood eells. Type A blood is so 
named beeanse its RBCs eontain A antigens. Type B blood 
has B antigens on RBCs. Type AB blood has both A and B 
antigens on RBCs. In type O blood, neither A antigen nor 
B antigen is present (fignre 11.8). 

After birth, eaeh person's plasma eells start prodneing 
antibodies against the A or B antigen that is not present 
on his or her RBCs. As a resnlt, people with type A blood 
develop anti-B antibodies in their plasma. Those with type 
B blood develop anti-A antibodies in their plasma. Those 
with type O blood develop both anti-A and anti-B antibod- 
ies in their plasma. People with type AB blood have none 
of these antibodies in their plasma (fignre 11.8). 



The ABO blood type ean be easily determined by 
plaeing two separate drops of blood to be tested on 
a glass slide. A drop of serum (the remaining fluid 
after blood has elotted) eontaining anti-A antibod- 
ies is added to one drop and serum eontaining anti- 
B antibodies is added to the other. The pattern of 



Rh Blood Groop 

Blood typing also rontinely tests for the presenee of the 
Rh (D) antigen. There are several Rh antigens, but it is 
the D antigen that is of prime signifieanee. The Rh anti- 
gen is named after Rhesas monkeys, in which the blood 
group was first diseovered. 

If the Rh antigen is present on the red blood eells, 
the blood is typed as Rh positive (Rh-h). If the Rh antigen 
is absent, the blood is Rh negative (Rh—). Like the A and 
B antigens, the presenee or absenee of the Rh antigen is 
inherited. 

Anti-Rh antibodies are not normally present in the 
plasma of Rh— persons. Instead, they are formed only 
when Rh+ RBCs are introdneed into a person with Rh— 
blood. The first time this occurs, there is no agglntination 
reaetion but the production of anti-Rh antibodies begins. 
The buildup of anti-Rh antibodies sensitizes the person to 
future introductions of Rh antigens. If a person with Rh— 
blood is sensitized and reeeives a subsequent transfnsion 
of Rh+ RBCs, the anti-Rh antibodies will cause aggluti- 
nation of the transfnsed Rh+ RBCs, usually with serious 



agglutination that occurs in the separate drops of blood 
indieates the blood type. 

The Rh blood type is determined by adding serum 
eontaining anti-Rh antibodies to a drop of blood on a 
glass slide. If agglutination occurs, the blood is Rh+. If 
agglutination does not occur, the blood is Rh—. 

___ J 




Type A 

Red blood eells with A 
antigens and plasma 
with anti-B antibodies 


Type B 

Red blood eells with B 
antigens and plasma 
with anti-A antibodies 


Type AB 

Red blood eells with both 
A and B antigens, and 
plasma with neither anti-A 
nor anti-B antibodies 


Type O 

Red blood eells with neither 
A nor B antigens, but 
plasma with both anti-A 
and anti-B antibodies 


A antigen 



B antigen 




A and B antigens 


Neither A 
nor B antigen 



Anti-B antibody 


Anti-A antibody 


Neither Anti-A nor Anti-A and Anti-B 

Anti-B antibodies antibodies 




Figure 11.8 Antigen and Antibody Characteristics of the ABO Blood Group. 
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or fatal results. Anti-Rh antibodies are never 
found in individnals with Rh-i- RBCs. 

Hemolytie Disease of the Nevvborn 

A similar kind of problem occurs in hemolytie 
dìsease of the newborn (HDN), a blood 
disorder of newborn infants that resnlts from 
destrnetion of fetal red blood eells by mater- 
nal antibodies. 

When a woman with Rh— blood is 
pregnant with her first Rh+ fems, some of 
the fetal Rh+ RBCs may aeeidentally enter 
the maternal blood due to broken plaeental 
blood vessels. This occurs most often dur- 
ing the third trimester and ehildbirth. The 
introdnetion of fetal RBCs with Rh antigens 
triggers the buildup of anti-Rh antibodies in 
the woman's blood. The buildup is slow but 
the mother has beeome sensitized to the Rh 
antigen. 

Hemolytie disease of the newborn may 
develop in a subsequent pregnaney with an 
Rh+ fetus because the anti-Rh antibodies 
in maternal blood readily pass throngh the 
plaeenta into the fetal blood, where they 
agglntinate the fetal RBCs (figure 11.9). If a 
large number of RBCs are agglutinated and 
destroyed, the fems has a deereased ability to 
transport oxygen. It is important to note that 
the anti-A and anti-B antibodies eannot eross 
the plaeenta and pose no threat to the devel- 
oping fems. 

In response to a deereased oxygen eon- 
eentration, the fetal blood-forming tissnes 
inerease prodnetion of RBCs. In an attempt 
to rapidly prodnee RBCs, large nnmbers of 
nneleated, immarnre RBCs ealled erythro- 
blasts are released into the blood. These 
immatnre eells are not as eapable of earrying 
oxygen as are mamre RBCs. 

Also, the destmetion of large nnmbers 
of RBCs prodnees other harmfnl effeets. 

Hemoglobin freed from RBCs may interfere 
with normal kidney fnnetion and cause kid- 
ney failnre. Blood flow to other vital organs 
could also be bloeked. The breakdown of large amonnts 
of hemoglobin forms an excess of bilimbin, a yellow 
pigment that prodnees janndiee. Oxygen defieieney and 
excessive bilimbin eoneentrations in the fetal blood 
may cause brain damage in afflieted infants. 

Treatment of HDN at birth involves the replaee- 
ment of the infanTs total blood volume slowly with Rh— 
blood. The transfused blood provides functional RBCs 
that eannot be agglntinated by anti-Rh antibodies that 
may still be present and rednees the bilimbin eoneentra- 
tion to eliminate the janndiee. Subsequently, the infanTs 
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circulation 
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circulation 
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antibodies eross 
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plaeenta and agglutinate 
fetal RBCs 


Figure 11.9 Development of Hemolytie Disease of the Newborn. 


own RBC production will again prodnee Rh+ RBCs but 
by then all anti-Rh antibodies will have been removed 
from the blood. 


eompatibility of Blood Types 
for Transfosions 

When blood loss is snbstantial, blood transfnsions are 
rontinely given to replaee lost blood. A blood transfnsion 
is prepared by separating whole blood into its separate 
eomponents throngh eentrifngation (spinning it at high 
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speeds). Onee the plasma layer is removed, the eompaeted 
red blood eells are snspended in a nutrient-rich additive 
and are ready for transfusion. The removal of the plasma 
removes donor antibodies that ean cause an agglntination 
reaetion in the reeipient. 

It is preferable to perfeetly mateh the donoTs blood 
type with that of the reeipienTs in blood transfnsions. 
However, a eompatible but different blood type may be 
used in an extreme emergeney. If this is done, eare must 
be taken to ensure that the antigens of the donoTs blood 
are eompatible with the antibodies of the reeipiends 
blood. For example, RBCs with A antigen ean be given to 
reeipients with type A or type AB blood beeanse neither 
type eontains anti-A antibodies. However, if RBCs with 
A antigen were given to reeipients with type B or type 


O blood, agglntination wouId occur because both types 
eontain anti-A antibodies (figure 11.10). Individuals with 
Rh+ blood ean be given both Rh+ and Rh— blood types 
in a transfnsion, beeanse an Rh+ individnal will never 
prodnee anti-Rh antibodies. However, individnals with 
Rh— blood are given only Rh— blood types to prevent 
sensitization and the formation of anti-Rh antibodies. 

Table 11.3 indieates the preferred ABO and Rh blood 
types that are used for transhisions. Blood types listed in 
this table are elassified by eombining the ABO and Rh 
groups; for example, type A— means the blood eontains 
A antigens and no Rh antigens, type A+ means the blood 
eontains both A and Rh antigens. Note that type AB+ 
blood may reeeive RBCs from all blood types and that the 
RBCs of type O— blood may be given to all blood types. 


No agglutination reaetion. RBCs 
of type A blood donated to a 
type A reeipient do not cause an 
agglutination reaetion because 
the anti-B antibodies in the 
reeipient do not eombine with the 
A antigens on the RBCs in the 
donated blood. 



Type A RBC of donor 



Anti-B antibody 
in type A blood 
of reeipient 




Antigen and 
antibody do 
not mateh 


No agglutination 


Agglutination reaetion. RBCs of 
type A blood donated to a type B 
reeipient cause an agglutination 
reaetion because the anti-A 
antibodies in the reeipient 
eombine with the A antigens on 
the RBCs in the donated blood. 




Type A RBC of donor Anti-A antibody 

in type B blood 
of reeipient 




Agglutination 


Figure 11.10 Compatible and ineompatible Transfosions. 


Table 11.3 Preferred and Aeeeptable ABO and Rh Blood Types for Transfosions 


Blood Type of Reeipient 

Preferred Blood Type of Donor 

Aeeeptable Blood Types of Donor 

A- 

A- 

0- 

A+ 

A+ 

A—, 0—, 0+ 

B- 

B- 

0- 

B+ 

B+ 

B—, 0—, 0+ 

AB- 

AB- 

A-, B-, 0- 

AB+ 

AB+ 

AB—, A—, AH" , B—, B“t“ , 0—, O"!” 

0- 

0- 

None 

0+ 

0+ 

0- 
























Pan 4 Maintenanee of the Body 




niea 


nsiqh 



The cause of hemolytie disease of the nevvborn is 
preventable by injeeting serum eontaining anti-Rh 
antibodies (trade name RhoGAM) into the blood 
of Rh— females. The first dose is injeeted at 28 
vveeks of pregnaney, vvith a seeond dose given 
immediately after the birth of an Rh+ infant, or 
after misearriage or abortion. The anti-Rh antibod- 
ies agglutinate and destroy any fetal Rh-h RBCs 
that may have entered the mother’s blood before 
they ean stimulate the production of anti-Rh anti- 
bodies and sensitize the mother. Further, preg- 
nant Rh— mothers vvill be given an injeetion of 
RhoGAM near the fifth month of subsequent 
pregnaneies as a safety precaution. 



eheek 



Understandinq 


8. What determines an individnafs ABO blood type? 

9. Why is blood typing important in transhisions? 

10. What is the cause of hemolytie disease of the 

newborn? 

V_ I _ 



11.8 Disorders of the Blood 

Learning Objeetive 

14. Deseribe the major blood disorders. 

Blood disorders may be grouped as red blood eell disor- 
ders, white blood eell disorders, and disorders of hemosta- 
sis. Normal values for eommon blood tests are loeated on 
the inside baek eover. Blood tests are valnable in diagnos- 
ing a variety of disorders. Note that many of the disorders 
deseribed in the next seetion are assoeiated with abnor- 
mal values of blood tests. 

Red Blood Cell Disorders 

Anemìa (ah-nè'-mè-ah) is a deerease in the oxygen-carrying 
eapaeity of the blood and is the most eommon blood dis- 
order. A deereased number of red blood eells or an insuf- 
fieient amount of hemoglobin rednees the blood's eapaeity 
to earry oxygen. There are several different types of anemia: 

o Natritional anemia resnlts from insnffieient amonnts 
of iron in the diet. 

o Hemorrhagie anemia resnlts from the excessive loss 
of RBCs throngh bleeding. 
o Pernieions anemia resnlts from a defieieney of 
intrinsie faetor, which prevents absorption of 
snffieient vitamin B12 from the intestine to 
snpport adequate RBC production. 


Hemolytie anemia resnlts from premamre rupture of 
RBCs so that hemoglobin is released into the plasma. 
o Aplastie anemia resnlts from destrnetion of red 
bone marrow or its inability to prodnee a snffieient 
number of RBCs. 

o Siekle-eell disease (see dinieal Insight earlier in this 
ehapter) 

Polyeythemia (pol-è-s i-thè-mè-ah) is a eondition 
eharaeterized by an excess of RBCs in the blood. The 
excess RBCs inerease blood volume and viseosity, which 
impairs eirenlation. It also leads to a inerease in blood 
pressnre, which ean cause the rupture of blood vessels. It 
may result from eaneer of the RBC-forming eells. 


Whito Blood Coll Disordors 

Infectious mononucleosis is a eontagions disease of 
the lymphoid tissue caused by the Epstein-Barr virus 
(EBV). It occurs primarily in young adults and kissing is a 
eommon mode of transmission. Three times more females 
eontraet the disease than males. It infeets B lympho- 
eytes, which enlarge and resemble monoeytes. Symptoms 
inelnde fever, headaehe, fatigne, sore throat, and swollen 
lymph nodes. There is no cure, but infectious mononu- 
eleosis usually persists for about four weeks. However, 
in some persons it may linger for months or years, and 
relapses may be frequent. 

Leukemia (lu-kè'-mè-ah) is a group of eaneers of 
the red bone marrow eells that form WBCs. It is eharaeter- 
ized by an excess prodnetion of WBCs and the crowding 
out of RBC- and platelet-forming eells. Acute forms affeet 
primarily ehildren or young adults; ehronie forms occur 
more often in adults. The various types of leukemia are 
elassified aeeording to the predominant WBC involved. 
Treatment usually involves ehemotherapy and sometimes 
a transplant of red bone marrow from a eompatible donor. 


Disorders of Hemoslasis 

Hemophilia (hè-mò-fil'-è-ah) is a group of inherited dis- 
orders that occur more often in males beeanse they are 
X-linked (see ehapter 18). Hemophilia is eharaeterized by 
spontaneons bleeding and a redneed ability to form blood 
elots. It may be caused by a defieieney of any one of sev- 
eral plasma elotting faetors. There is no cure for hemo- 
philia, but it is treated by injeetion or transfnsion of the 
missing elotting faetors. 

Thromboeytopenia (throm-bó-si-tò-pè'-nè-ah) is 
a eondition in which the number of platelets is so low 
(<50,000/p;l) that spontaneous bleeding eannot be pre- 
vented. Bleeding from many small vessels typieally resnlts 
in pnrplish blotehes appearing on the skin. 

Thrombosis is the eondition resnlting from the 
formation of a blood elot in an nnbroken blood vessel. 
Such elots tend to form where the lining of a blood vessel 
is ronghened or damaged. They ean cause serious effeets 
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if they plug an artery and deprive vital tissues of blood. 
Blood elots form more frequently in veins than in arteries, 
eansing a eondition known as thrombophlebitis, which is 
inflammation of the veins due to a blood elot. 

Sometimes, a elot formed in a vein breaks free and 
is earried by the blood only to lodge in an artery, often a 

ehapter Smnmary _ 

11.1 General Characteristics of Blood 

• Blood is eomposed of plasma (55%) and formed elements 
(45%). Red blood eells eonstimte nearly all of the formed 
elements. 

• Blood is heavier and abont four times more viscous than 
water, and it is slightly alkaline. 

• About 8% of the body weight eonsists of blood. Blood 
volume ranges between 4 and 6 liters. 

11.2 Red Blood Gells 

• Red blood eells are bieoneave dises that laek nuclei 
and other organelles, and eontain a large amount of 
hemoglobin. Their primary fnnetion is the transport 
of respiratory gases. 

• Hemoglobin is eomposed of heme, an iron-eontaining 
pigment, and globin, a protein. It plays a vital role in oxygen 
transport and partieipates in earbon dioxide transport. 

• RBCs are very abnndant in the blood. They number 4.7 to 
6.1 million per |il in males and 4.2 to 5.4 million per [xl 

in females. 

• RBCs are formed from hemoeytoblasts in the red 
bone marrow. The rate of prodnetion is eontrolled 
by the oxygen eoneentration of the blood via a 
negative-feedbaek meehanism. A deereased oxygen 
eoneentration stimnlates kidney and liver eells to release 
erythropoietin, which stimnlates inereased prodnetion of 
RBCs by red bone marrow. 

• Iron, amino aeids, vitamin B12, and folie aeid are essential 
for RBC prodnetion. 

• RBCs live about 120 days before they are destroyed 
by maerophages in the spleen and liver. In hemoglobin 
breakdown, the iron ions are reeyeled for use in forming 
more hemoglobin. Bilirnbin, a yeIIow pigment, is a waste 
prodnet of hemoglobin breakdown. Amino aeids from 
globin are reeyeled for use in making new proteins. 

11.3 White Blood Gells 

• White blood eells are also formed from hemoeytoblasts in 
the red bone marrow. They retain their nuclei and other 
organelles, and number 4,500 to 10,000 per \x\ of blood. 

• WBCs help to defend the body, and most of their 
aetivities occur within body tissnes. 

• The five types of WBCs are eategorized into two groups. 
GranuIocytes have visible eytoplasmie granules and 
inelnde nentrophils, eosinophils, and basophils. Agranu- 
loeytes laek visible eytoplasmie granules and inelnde 
lymphoeytes and monoeytes. 


braneh of a pulmonary artery. A moving blood elot or for- 
eign body in the blood is ealled an embolus, and when 
it bloeks a blood vessel, the resnlting eondition is known 
as an embolìsm. An embolism ean prodnee very serions 
and sometimes fatal resnlts if it lodges in a vital organ and 
bloeks the flow of blood. 


• Nentrophils and monoeytes are phagoeytes that destroy 
baeteria and elean up cellular debris. 

• Eosinophils help to reduce inflammation and destroy 
parasitie worms. 

• Basophils promote inflammation. 

• Lymphoeytes play vital roles in immnnity. 

11.4 Platelets 

• Platelets are fragments of megakaryoeytes in the red bone 
marrow. They number 150,000 to 400,000 per |il of blood. 

• Platelets play a crucial role in hemostasis by forming 
platelet plugs and starting eoagnlation. 

11.5 Plasma 

• Plasma, the liquid portion of the blood, eonsists of over 
90% water along with a variety of solntes, inelnding 
nntrients, nitrogenons wastes, proteins, eleetrolytes, and 
respiratory gases. 

• There are three major types of plasma proteins. 
Albnmins are most numerous. Their major functions 
inelnde the transport of hydrophobie snbstanees, and 
helping to maintain the osmotie pressnre and pH of the 
blood. Alpha and beta globnlins transport lipids and 
lipid-soluble vitamins. Gamma globnlins are antibodies 
that are involved in immnnity. Fibrinogen is a solnble 
protein that is eonverted into insolnble fibrin during 
eoagnlation. 

• Less than 1% of plasma proteins are enzymes and 
hormones. 

• Nitrogenons wastes in plasma inelnde urea, uric aeid, 
ammonia, and ereatinine. 

• Eleetrolytes inelnde ions of sodium, potassium, calcium, 
biearbonate, phosphate, and ehloride. Eleetrolytes help 
to maintain the pH and osmotie pressnre of the blood, 
in addition to the ionie balanee between blood and 
interstitial fluid. 

11.6 Hemostasis 

• Hemostasis is a series of proeesses involved in the 
stoppage of bleeding. It eonsists of three proeesses: 
vasenlar spasm, platelet plug formation, and eoagnlation. 

• Vasenlar spasm rednees blood loss until the other 
proeesses ean occur. 

• Platelets stiek to the damaged tissue of the blood vessel 
wall and to eaeh other to form a platelet plug. 

• Platelets and the damaged blood vessel wall initiate 
elot formation by releasing platelet faetors and 
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thromboplastin, which eanse the formation of 
prothrombin aetivator. Prothrombin aetivator eonverts 
prothrombin into thrombin, which, in mrn, eonverts 
fibrinogen into fibrin. Fibrin strands form the elot. 

• After elot formation, fibroblasts invade the elot and 
gradnally replaee it with dense irregnlar eonneetive 
tissne as the elot is dissolved by enzymes. 

11.7 Human Blood Types 

Blood types are determined by the presenee or absenee 
of speeifie antigens on the plasma membranes of red 
blood eells. 

• The four ABO blood types, A, B, AB, and O, are based on 
the presenee or absenee of A antigen and B antigen. 

• Anti-A and anti-B antibodies are spontaneously formed 
against the antigen(s) that is (are) not present on a 
person's RBCs. 

Blood with RBCs eontaining the Rh antigen is typed as 
Rh+. Blood without the Rh antigen is typed as Rh—. 

• Anti-Rh antibodies are prodneed only after Rh+ RBCs are 
introdneed into a person with Rh— blood. Onee a person 
is sensitized in this way, a subsequent transfnsion of Rh+ 
blood resnlts in agglntination of the transfnsed RBCs. 

Self-Revi evv 


• If ineompatible blood is transferred, agglntination of the 
transfnsed RBCs occurs. The clumped RBCs plug small 
blood vessels, depriving tissnes of nntrients and oxygen. 
The result may be fatal. 

• Transhisions must be made using only eompatible blood 
types. Types A, B, AB, and O blood reeipients ean only 
reeeive RBCs with antigens that will not trigger an 
agglntination reaetion with antibodies present in plasma. 
Type Rh+ blood reeipients ean reeeive the RBCs of 
types Rh— and Rh+ blood. Type Rh— blood reeipients 
ean reeeive the RBCs of type Rh— blood only. 

• Hemolytie disease of the newborn occurs in newborn 
infants when a sensitized Rh— woman is pregnant with 
an Rh+ fetus. Her anti-Rh antibodies pass throngh the 
plaeenta into the fems and agglntinate the fetal RBCs, 
prodneing anemia and janndiee. 

11.8 Disorders of the Blood 

• Anemia is the most eommon disorder, and it may result 
from a variety of causes. 

• Other disorders include polyeythemia, infectious mono- 
nneleosis, lenkemia, hemophilia, thromboeytopenia, 
thrombosis, and embolism. 


Answers are loeated in appendix B. 

1 . About_ % of blood eonsists of RBCs. 

2. The red eolor of blood resnlts from the presenee of_ 

in_. 

3. All formed elements are derived from stem eells, 

the_, within red bone marrow. 

4. A deereased blood eoneentration of_promotes the 

formation of the hormone_, which stimnlates RBC 

prodnetion. 

5. RBCs are destroyed in the spleen and_. 

6 . Fighting against invasion of pathogens is the fnnetion of 

nneleated formed elements ealled_. 

7. The two major phagoeytie WBCs are_and_. 

8 . The release of histamine by_helps to promote 

inflammation. 


9. WBCs that destroy parasitie worms and fight inflammation 
are the_. 

10. Immnnity is the prime fnnetion of_. 

11. The fluid earrier of solutes and formed elements in blood 

is the_. 

12. Damaged blood vessel walls and_start eoagnlation 

by releasing thromboplastin and platelet faetors. 

13. Blood elot formation involves eonverting_, 

a solnble plasma protein, into an insolnble protein 
ealled_. 

14. ABO blood types are named for the_on the 

snrfaee of RBCs. 

15. Blood type B+ ean reeeive the RBCs of blood types_ 

safely in a transfnsion. 



1. In the days before RhoGAM, some Rh— women had more than one Rh+ baby and never had a problem with hemolytie disease 
of the newborn. How do you explain this? 

2. What are the differenees between eoagnlation and agglntination? 

3. Why ean persons with type O blood donate blood to any other blood type? 

4. Why is a CBC a useful test in monitoring the homeostasis of the human body? 
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A two-alarm fire is ealled in and the alarm 
begins to sound in the loeal fire station. 
eharlie, a veteran firefighter, begins shout 
direetions as he and the others in his unit 
don their gear. As they travel to the site of 
the blaze, Gharlie is so focused on the task 
at hand that he is barely aware of the eardio- 
vascular ehanges occurring within his body. 
His heart rate inereases in order to inerease 
his blood pressure, which in tum inereases 
blood flow through his body. Ghanges within 
his blood vessels allow blood flow to be 
prioritized to organs that will be ealled upon 
onee he arrives atthe seene. inereasing 
aetivity in his skeletal muscle tissue, eardiae 
muscle tissue, and nervous tissue requires 
elevated rates of ATP production, which in 
tum require an inerease in the delivery of 
oxygen, glucose, and fatty aeids. inereased 
blood flow to the lungs, liver, and adipose 
tissue is needed to maintain sufficient levels 
of these vital ehemieals. By the time the fire 
tmek reaehes the seene, Gharlie is physieally 
prepared to msh into the buming buildingto 
rescue trapped inhabitants, thanks in part to 
the aetions of his cardiovascular system. 
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SELEGTED KEY TERMS 


Arteries Blood vessels that earry 
blood away from the heart. 

Atrium (atrium = vestibule) A 
heart ehamber that reeeives blood 
remrned to the heart by veins. 
Gapillaries Tiny blood vessels in 
tissnes where exchange of materials 
between the blood and interstitial 
fluid occurs. 

Gardiae output The volume of 
blood pumped from eaeh ventriele 
in one minute. 

Gardiae eyele The sequence 
of events that occur during one 
heartbeat. 


Diastole The relaxation phase 
of the eardiae eyele. 

Pulmonary circuit (pulmo = 
lung) The blood pathway that 
transports blood to and from the 
lungs. 

Stroke volume The volume of 
blood pumped from eaeh ventriele 
per heartbeat. 

Systemie circuit The blood 
pathway that transports blood 
to and from all parts of the body 
except the lungs. 

Systole The eontraetion phase 
of the eardiae eyele. 


Vasoeonstrietion (vas = vessel) 
Gontraetion of vessel smooth 
muscle to deerease the diameter 
of the blood vessel. 

Vasodilation Relaxation of vessel 
smooth muscle to inerease the 
diameter of the blood vessel. 

Veins Blood vessels that earry 
blood toward the heart. 

Ventriele (ventr = nnderside) 

A heart ehamber that pumps blood 
into an artery. 


THE HEART AND BLOOD VESSELS form the eardiovasealar 
(kar-dè-ò-vas'-kuTar) system. The heart pumps blood 
through a elosed system of blood vessels. Figure 12.1 
shows the general seheme of eirenlation of blood in the 
body. Blood vessels eolored blue earry deoxygenated 
(oxygen-poor) blood; those eolored red earry oxygen- 
ated (oxygen-rich) blood. Large arteries earry blood away 
from the heart and braneh into smaller and smaller arter- 
ies that open into eapillaries, the smallest blood vessels, 
where materials are exchanged with body tissnes. Cap- 
illaries open into small veins that merge to form larger 
and larger veins, and the largest veins remrn blood to the 
heart. 1^1 R1 

12.1 Anatomy of the Heart 

Learning Objeetives 

1. Identify the proteetive eoverings of the heart. 

2. Deseribe the parts of the heart and their functions. 

3. Traee the flow of blood through the heart. 

4. Deseribe the blood supply to the heart. 

The heart is a four-chambered muscular pump that is 
loeated within the mediastinnm in the thoraeie eavity. 
It lies between the lungs and just superior to the dia- 
phragm. The apex of the heart is the inferior pointed 
end, which extends toward the left side of the thoraeie 
eavity at the level of the fifth rib. The base of the heart 
is the snperior portion, which is attaehed to several 
large blood vessels at the level of the seeond rib. The 
heart is about the size of a elosed fist. Note the rela- 
tionship of the heart with the surrounding organs in 
figure 12.2. 
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Figure 12.1 The general seheme of the cardiovascular 
system. Blood vessels earrying oxygenated blood are 
eolored red; those earrying deoxygenated blood are 
eolored blue. ÍÀP|R] 
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Figure 12.2 The heart is loeated vvithin the mediastinum in the thoraeie eavity. 


Proteetive Coverings 

The heart and the bases of the attaehed blood vessels are 
enveloped by membranes that are eolleetively ealled the 
pericardium (per-i-kar'-dè-um). An external, loosely fit- 
ting perieardial sae separates the heart from surrounding 
tissnes and allows spaee for the heart to expand and eon- 
traet as it pumps blood. The perieardial sae eonsists of two 
membranes: an external fibroas perieardmm and an inter- 
nal parietal layer of serous pericardium. The fibrons 
perieardinm is a tough, unyielding membrane eom- 
posed of dense irregnlar eonneetive tissue. It is attaehed 
to the diaphragm, internal snrfaees of the sternnm and 


thoraeie vertebrae, and to adjaeent eonneetive tissnes 
(figure 12.2). The delieate parietal pericardium lines the 
internal snrfaee of the fibrons perieardinm. At the bases 
of the large vessels (base of the heart), the parietal layer of 
serous pericardium folds baek to form the epicardium 
(viseeral layer of serous pericardium), which forms 
the thin membrane that tightly adheres to the snrfaee of 
the heart. The potential spaee between the parietal peri- 
eardinm and the epieardinm is the perieardial eavity 
(figure 12.3). This eavity is filled with perieardial fluid, 
which reduces the frietion between the two layers of the 
perieardinm when the heart eontraets and expands. 
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Figure 12.3 The pericardium and heart wall. The inset shows that the 
fìbrous pericardium is lined by the parietal layer of serous pericardium, 
which folds baek to form the epicardium. 


The Heart Wall 

The wall of the heart eonsists of a thiek layer of eardiae 
mnsele tissne, the myocardium (mi-ò-kar'-dè-um), sand- 
wiched between two thin membranes. Contractions of 
the myocardium provide the foree that pumps the blood 
through the blood vessels. The epicardium is the thin 
membrane that is firmly attaehed to the external sur- 
faee of the myocardium. Blood vessels that nourish the 
heart itself are loeated within the epieardinm. The inter- 
nal snrfaee of the myoeardinm is eovered with a simple 
squamous epithelium ealled the endocardium. The 
endocardium not only lines the ehambers and valves of 
the heart, but also is continuous with the internal lining 
of the blood vessels attaehed to the heart (figure 12.3). 

Heart ehambers 

The two superior ehambers are the atrìa (à'-trè-ah) (sin- 
gular, azrmm), which reeeive blood being remrned to 
the heart by the veins. The two inferior ehambers are 
the ventrieles (ven'-tri-kuls), which pump blood into the 


arteries. There is no opening between the 
two atria or between the two ventrieles. The 
atria are separated from eaeh other by a par- 
tition ealled the interatrial septam. The ven- 
trieles are separated by the interventriealar 
septam, a thiek partition of eardiae muscle 
tissue (figure 12.4). The heart is a double 
pump. The right atrium and right ventriele 
eompose the right pump. The left atrium 
and left ventriele eompose the left pump. 

The walls of the atria are much thin- 
ner than the walls of the ventrieles. Differ- 
enees in thiekness are due to differenees 
in the amount of eardiae muscle tissue 
that is present, which in turn refleets the 
work required of eaeh ehamber. Atrial walls 
possess less eardiae muscle tissue because 
blood movement from atria to ventrieles 
is mostly passive, so that foree from eon- 
traetion is not as essential. The ventrieles 
have more eardiae muscle tissue in order 
to ereate enough foree to push blood supe- 
riorly out of the heart. The left ventriele 
has a thieker, more muscular wall than the 
right ventriele beeanse it must pump blood 
throughout the entire body, except the 
lungs, whereas the right ventriele pumps 
blood only to the lungs. Loeate the atria 
and ventrieles in figure 12.4, and also in 
fignres 12.2 and 12.5, which show external 
views of the heart. Table 12.1 snmmarizes 
the fnnetions of the heart ehambers. 

Heart Yalves 

Like all pumps, the heart eontains valves that allow 
the blood to flow in only one direetion throngh the 
heart. The two types of heart valves are atrioventrienlar 
valves (AV valves) and semilnnar valves. Observe the 
loeation and structure of the heart valves in fignres 12.4 
and 12.6. 

Atrioventricular Valves 

The opening between eaeh atrium and its eorresponding 
ventriele is gnarded by an atrioventricular (à-trè-ò-ven- 
trik'-u-lar) valve that is formed of dense irregnlar eon- 
neetive tissue. Eaeh valve allows blood to flow from the 
atrium into the ventriele but prevents a backflow of blood 
from the ventriele into the atrium. The AV valve between 
the right atrium and the right ventriele is the tricuspid 
(tri-kus'-pid), or right atrioventricular, valve. Its name 
indieates that it is eomposed of three cusps, or flaps, of 
tissue. The mitral (mi'-tral), or left atrioventricular, 
valve eonsists of two cusps and is loeated between the 
left atrium and the left ventriele. 
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Figure 12.4 The internal structure of the heart is shovvn in frontal seetion. 



Table 12.1 Functions of the Heart Ghambers 


ehamber 

Function 

Right atrium 

Reeeives deoxygenated blood from the superior and inferior venae eavae and the eoronary 
sinus, and passes this blood through the tricuspid valve to the right ventriele 

Right ventriele 

Reeeives deoxygenated blood from the right atrium and pumps this blood through the 
pulmonary valve into the pulmonary trunk 

Left atrium 

Reeeives oxygenated blood from the pulmonary veins and passes this blood through the 
mitral valve to the left ventriele 

Left ventriele 

Reeeives oxygenated blood from the left atrium and pumps this blood through the aortie 
valve into the aorta 


The AV valves originate from rings of thiek, dense 
irregnlar eonneetive tissne that snpport the jnnetion 
of the ventrieles with the atria and the large arter- 
ies attaehed to the ventrieles. This snpporting dense 
irregnlar tissne is ealled the fibroas skeleton of the heart 
(fignre 12.6). The fibrons skeleton not only provides 
strnetnral snpport but also serves as insulation separat- 
ing the eleetrieal aetivity of the atria and ventrieles. 
This insnlation enables the atria and ventrieles to eon- 
traet independently. 


Thin strands of dense irregnlar eonneetive tissue, the 
ehordae tendineae (kor'-de- ten'-di-ne-ee), extend from 
the valve cusps to the papillary mnseles, small mounds of 
eardiae muscle tissue that projeet from the internal walls of 
the ventrieles (see figure 12.4). The ehordae tendineae pre- 
vent the valve cusps from being foreed into the atria during 
ventrienlar eontraetion. In faet, they are normally just the 
right length to allow the cusps to press against eaeh other 
and tightly elose the opening during ventrienlar eontraetion. 
Table 12.2 snmmarizes the fnnetions of the heart valves. 
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Figure 12.5 A posterior view of the heart and the assoeiated blood vessels. ÍÀP|R| 


Semilunar Valves 

The semilunar valves are loeated in the bases of the 
large arteries that earry blood from the ventrieles. The 
pulmonary valve is loeated at the base of the pnlmo- 
nary trnnk, which extends from the right ventriele. The 
aortie valve is loeated at the base of the aorta, which 
extends from the left ventriele. 


Eaeh semilnnar valve is eomposed of three poeket- 
like ensps of dense irregnlar eonneetive tissne. They allow 
blood to be pnmped from the ventrieles into the arteries 
dnring ventrienlar eontraetion, but they prevent a baek- 
flow of blood from the arteries into the ventrieles during 
ventrienlar relaxation. 


Table 12.2 HeartValves 


Valve 

Loeation 

Function 

Atrìoventrìcular Valves 



Tricuspid valve 

Opening betvveen the right atrium and right 
ventriele 

Prevents baekflovv of blood from the right ventriele 
into the right atrium 

Mitral valve 

Opening betvveen the left atrium and left 
ventriele 

Prevents the baekflovv of blood from the left 
ventriele into the left atrium 

Semìlanar Valves 



Pylmonary valve 

Entranee to the pulmonary trunk 

Prevents baekflovv of blood from the pulmonary 
trunk into the right ventriele 

Aortie valve 

Entranee to the aorta 

Prevents baekflovv of blood from the aorta into the 
left ventriele 
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Flow of Blood Throogh 
the Heart 

Figure 12.7 diagrammatieally shows 
the flow of blood through the heart 
and the major vessels attaehed to 
the heart. Blood is oxygenated as it 
flows throngh the lungs and beeomes Pulmonary 
deoxygenated as it releases oxygen to trunk 

body tissnes. Traee the flow of blood 
throngh the heart and major vessels 
in figure 12.7 as you read the follow- 
ing deseription. 

The right atrium reeeives deoxy- 
genated blood from all parts of the 
body except the lungs via three veins: 
the snperior and inferior venae eavae 
and the eoronary sinus. The superior 
vena eava (vè'-nah kà'-vah) remrns 
blood from the head, neek, shonlders, 
upper limbs, and thoraeie and abdomi- 
nal walls. The inferior vena eava 
remrns blood from the inferior tmnk 
and lower limbs. The eoronary sinus 
drains deoxygenated blood from ear- 
diae muscle tissue. Simultaneously, the 
left atrium reeeives oxygenated blood 
retnrning to the heart from the lungs 
via the pulmonary veins. Blood 
flows from the left and right atria into the eorresponding 
ventrieles. About 70% of the blood flow into the ventrieles 
is passive, and about 30% results from atrial eontraetion. 

After blood has flowed from the atria into their 
respeetive ventrieles, the ventrieles eontraet. The right 
ventriele pumps deoxygenated blood into the pnlmonary 
trunk. The pnlmonary tmnk branehes to form the left 
and right pnlmonary arteries, which earry blood to 
the lungs. The left ventriele pumps oxygenated blood into 
the aorta (à-or'-tah). The aorta branehes to form smaller 
arteries that earry blood to all parts of the body except the 
lungs. Loeate these major blood vessels assoeiated with 
the heart in fignres 12.2, 12.4, 12.5, and 12.7. 

Beeanse the heart is a double pump, there are 
two basie pathways, or circuits, of blood flow as shown 
in figure 12.7. The pnlmonary eirenit earries deoxy- 
genated blood from the right ventriele to the lungs and 
remrns oxygenated blood from the lungs to the left 
atrium. The systemie eirenit earries oxygenated blood 
from the left ventriele to all parts of the body except the 
lungs and remrns deoxygenated blood to the right atrium. 
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Figure 12.6 A superior view of the heartvalves. Note the fibrous skeleton of 
the heart. 


eoronary (kor'-ò-na-rè) arteries, which braneh from 
the aorta just distal to the aortie valve (figures 12.6 and 
12.18a). Bloekage of a eoronary artery may result in a 
heart attaek. After passing throngh eapillaries in eardiae 
muscle tissue, blood is remrned via eardiae (kar'-dè-ak) 
veins, which lie next to the eoronary arteries. These 
veins empty into the eoronary sinus, which drains 
into the right atrium. Loeate these blood vessels in 
fignres 12.2 and 12.5 and note the adipose tissue that 
lies alongside the vessels. Also, smdy the relationships 
of the atria, ventrieles, and large blood vessels assoei- 
ated with the heart. 



eheek 



IJnderstanding 


Blood Sopply to the Heart 

The heart requires a eonstant supply of blood to nour- 
ish its own tissnes. Blood is snpplied by left and right 


1. What are the names and fnnetions of the heart 
ehambers? 

2. What are the names and fnnetions of the heart 
valves? 

3. Traee a drop of blood as it flows throngh the 
heart and the pnlmonary and systemie eirenits. 

4. Deseribe the flow of blood throughout the 
myocardium. 
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Figure 12.7 Blood flow through the heart and the systemie and pulmonary circuits. Heart ehambers and vessels 
eolored red earry oxygenated blood. Those eolored blue earry deoxygenated blood. 
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If cusps of an AV valve eollapse and open into the 
atrium, some blood may regurgitate (baekflovv) into 
the atrium during ventricular eontraetions. This is 
vvhat happens in a disorder knovvn as mìtral valve 
prolapse (MVP). In some eases, it causes no seri- 
ous dysfunction. In others, fatigue and shortness of 
breath may occur. Persons vvith MVP are susceptible 

V___ 


to endoeardltls, inflammation of the endocardium, 
caused by some speeies of Streptoeoeeas baeteria. 
Endoearditis ean result in searring of the valve cusps, 
vvhieh further deereases valve function. Persons vvith 
MVP are often advised to take antibioties prior to den- 
tal vvork to prevent baeteria from entering the blood 
and being earried to the heart. 




12.2 eardiae Cycle 

Learning Objeetives 

5. Deseribe the events of the eardiae eyele. 

6. Deseribe the sounds of the heartbeat. 

The eardìae eyele refers to the sequence of events that 
occur during one heartbeat. The eontraetion phase of a 
eardiae eyele is known as systole (sis'-to-lè); the relax- 
ation phase is ealled dìastole (di'-as-to-lè). These phases 
are illnstrated in figure 12.8. Note that the ventrieles are 
relaxed when the atria eontraet, and the atria are relaxed 
when the ventrieles eontraet. Systole inereases blood 
pressnre within a ehamber, while diastole deereases blood 
pressnre within a ehamber. 

When both the atria and ventrieles are relaxed 
between beats, blood flows passively into the atria from 
the large veins leading to the heart and then passively 
into the ventrieles. Then, the atria eontraet (atrial sys- 
tole), foreing more blood into the ventrieles so that they 
are filled. Immediately thereafeer, the ventrieles eontraet. 
Ventrienlar systole prodnees high blood pressnre within 
the ventrieles, which causes both AV valves to elose and 
both semilnnar valves to open. Opening of the semilnnar 


valves allows blood to move into the arteries leading from 
the heart. Ventrienlar diastole immediately follows and 
the deerease in ventriele pressnre allows the AV valves to 
open. Simultaneously, the semilunar valves elose beeanse 
of the greater blood pressnre within the arteries. The ear- 
diae eyele is then repeated. Smdy these relationships in 
figure 12.8. 

Heart Sounds 

The sounds of the heartbeat are usually deseribed as lub- 
dup (pause) lub-dup, and so forth. These sounds are pro- 
duced by the elosing of the heart valves. The first sound 
resnlts from the elosing of the AV valves in the beginning 
of ventrienlar systole. The seeond sound resnlts from the 
elosing of the semilnnar valves in the beginning of ven- 
trienlar diastole. If any of the heart valves are defeetive 
and do not elose properly, an additional sound, known as 
a heart murmur, may be heard. 



eheek 



IJnderstanding 



5. What are the events of a eardiae eyele? 

6. What prodnees the heart sounds? 

V___ J 
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Figure 12.8 The Carcliac Cycle. 

(o) Blood flows from the atria into the ventrieles during ventricular diastole. (b) Blood is pumped from the ventrieles 
during ventricular systole. {AP\^ 
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12.3 Heart Conductìon System 

Learning Objeetive 

7. Deseribe the parts of the heart conduction system 
and their functions. 


The heart is able to eontraet on its own beeanse it eon- 
tains speeialized eardiae mnsele tissne that spontane- 
onsly forms impnlses and transmits them to 
the myoeardinm to initiate eontraetion. This 
speeialized tissne forms the eondnezion system 
of the heart, which eonsists of the sinoatrial 
node, atrioventrienlar node, AV bnndle, bun- 
dle branehes, and ventricular fibers. Observe 
the loeation of the eondnetion system and its 


branehes extending inferiorly to the interventrienlar sep- 
tum and snperior to the lateral walls of the ventrieles. The 
smaller ventrienlar (Parkinje) fibers arise from the bun- 
dle branehes and earry the impnlses to the myoeardinm 
of the ventrieles, where they stimnlate ventrienlar eon- 
traetion. The distribntion of the ventrienlar fibers causes 
the ventrieles to eontraet from the apex snperiorly so that 
blood is foreed into the pnlmonary trunk and aorta. 
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parts in figure 12.9. 

The sinoatrial (si-nò-à'-trè-al) node 
(SA node) is loeated in the right atrium at 
the junction of the snperior vena eava. It is 
known as the paeemaker of the heart beeanse 
it rhythmieally forms eleetrieal impnlses to 
initiate eaeh heartbeat. The impnlses are 
transmitted to the myoeardinm of the atria, 
where they prodnee a simultaneous eontrae- 
tion of the atria. The flow of impnlses causes 
eontraetion of the atria from snperior to infe- 
rior, foreing blood into the ventrieles. At the 
same time, the impnlses are earried to the 
atrioventrienlar node (AV node), which is 
loeated in the right atrium near the jnnetion 
with the interventrienlar sepmm. 

There is a brief time delay as the impnlses 
pass slowly throngh the AV node, which 
allows time for the ventrieles to fill with blood. 

From the AV node, the impnlses pass along the 

AV bnndle (bandle of His), a group of large Figure 12.9 The heart conduction system. Arrows indieate the flow 

fibers that divide into left and right bnndle of impulses from the SA node. ÍÀPlR] 
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If a eoronary artery is partially obstructed by the fatty 
deposits oí atheroselerosis (see the disorders seetion 
in this ehapter for details), portions of the myocardium 
may be deprived of adequate blood. This produces 
ehest pain known as ongìno peetorìs. In severe 
eases, treatment may involve one of two approaehes: 
eoronary angioplasty or eoronary bypass surgery. 

In eoronory ongioplosty, a eatheter that eon- 
tains a balloon at its tip is inserted into an artery 
of an upper or lower limb and is threaded into the 
affeeted eoronary artery. The balloon is positioned 
at the obstruction and is inflated for a few seeonds 

V___ 



to eompress the fatty deposit and enlarge the lumen 
of the affeeted eoronary artery. A meshlike metal tube 
ealled a stent is then inserted and positioned at the site 
of the obstruction to hold open the artery. The stent 
may be eoated with a ehemieal that inhibits the growth 
of eells to minimize the ehanees that the artery will 
beeome obstructed again. 

In eoronory byposs sargery, a portion of an artery 
or a vein from elsewhere in the body is removed and 
is surgically grafted, providing a bypass around the 
obstruction to supply blood to the distal portion of the 
affeeted eoronary artery. 

___ J 
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Eleetreeardiogram 

The origination and transmission of impnlses throngh the 
eondnetion system of the heart generate eleetrieal cur- 
rents that may be deteeted by eleetrodes plaeed on the 
body surface. An instrnment ealled an eleetroeardiograph is 
used to transform the eleetrieal enrrents pieked up by the 
eleetrodes into a reeording ealled an eleetroeardiogram 
(ECG or EKG). 

Figure 12.10 shows a normal ECG of five eardiae 
eyeles and an enlargement of a normal ECG of one eardiae 
eyele. Note that an ECG eonsists of several defleetions, or 
waves. These waves eorrelate with the flow of impnlses 
during partienlar phases of the eardiae eyele. 

An eleetroeardiogram has three distinet waves: the 
P wave, QRS complex, and T wave. The P ivave is a small 
wave. It is prodneed by the depolarization of the atria. 
The QRS complex is prodneed by the depolarization of the 
ventrieles. The greater size of the QRS complex is due to 
the greater muscle mass of the ventrieles. The last wave 
is the T ivave, which is prodneed by the repolarization 
of the ventrienlar myoeardinm. The repolarization of the 
atria is not deteeted beeanse it is masked by the stronger 
QRS complex. An ECG provides important information in 
the diagnosis of heart disease and abnormalities. In read- 
ing an ECG, physieians pay elose attention to the height 
of eaeh wave and to the time required for eaeh wave. 



eheek 



IJnderstanding 



7. What eomposes the eardiae conduction system? 

8. What events prodnee the waves of an 
eleetroeardiogram? 


12.4 Regulation of Heart 
Function 

Learning Objeetive 

8. Explain how the heart rate and eontraetion strength 
are regulated. 

eardiae output is the volume of blood pumped from 
eaeh ventriele in one minute, and it is an important mea- 
sure of heart fìanetion. It is determined by two faetors: 
stroke volume and heart rate. Stroke volume (SV) is 
the volume of blood pumped from eaeh ventriele per 
heartbeat. Mnltiplying this volume by the heart rate (HR), 
heartbeats per minute, yields the eardiae output (CO). 

eo = SV X HR 

At normal resting values of a stroke volume of 
70 ml/beat and a heart rate of 72 beats/min, the eardiae 
output is 5,040 ml/min. This means that the total volume 



Milliseeonds 

(b) 


Figure 12.10 (a) A normal ECG showing five eardiae eyeles. (b) A normal ECG showing one eardiae eyele. 
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Some irregularities in heart rhythms resuit from 
improper transmission of impuises by the heart eon- 
duction system. in patients in whom the SA node or 
AV node maifunctions, a normai heartbeat may be 
obtained by impianting an artifieiai poeemoker in the 


ehest waii. VVires (ieads) are threaded through a vein 
to eonneet the paeemaker to the heart. This battery- 
operated deviee synehronizes heart eontraetions and 
eontrois the heart rate by sending weak eieetrieai 
puises to the heart to initiate eontraetion. 
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of blood, 4 to 6 liters, passes through eaeh ventriele of the 
heart eaeh minute. Gardiae output inereases with exercise 
beeanse both stroke volume and heart rate inerease. 

Heart fnnetion is regnlated by faetors both internal 
and external to the heart. For example, venoas retarn, the 
amount of blood remrning to the heart during diastole, 
is an internal faetor that affeets stroke volume. If venous 
remrn inereases, more blood enters and is pumped from 
the ventrieles, inereasing the stroke volume and eardiae 
output. Heart rate is primarily eontrolled externally by 
the antonomie nervons system, althongh hormones and 
eertain ions also affeet it. 

Autonomic Regulation 

Heart rate regnlation is primarily under the eontrol of the 
eardìae eontrol eenter loeated within the mednlla oblon- 
gata of the brain. It reeeives sensory information about the 
level of blood pressure from baroreeeptors loeated in the 
aortie areh and the earotid sinnses of the internal earotid 


arteries. It also reeeives sensory information from ehemo- 
reeeptors in the aortie areh and the earotid bodies of the 
external earotid arteries (fignres 12.11 and 12.19). Barore- 
eeptors are sensitive to ehanges in vessel wall stretehing 
caused by both high and low blood pressnre. Ghemoreeep- 
tors are stimnlated by low blood pH, high blood earbon 
dioxide levels, and very low blood oxygen levels. The ear- 
diae eontrol eenter is also affeeted by emotions, which are 
generated by the limbie system (see ehapter 8). 

The eardiae eontrol eenter eonsists of both sympa- 
thetie and parasympathetie eomponents. Nerve impnlses 
transmitted to the heart via sympathetie axons cause an 
inerease in heart rate and eontraetion strength, while 
nerve impnlses transmitted by parasympathetie axons 
cause a deerease in heart rate. The eardiae eontrol eenter 
eonstantly adjnsts the frequency of sympathetie and para- 
sympathetie nerve impnlses to prodnee a heart rate and 
a eontraetion strength that meets the ehanging needs of 
tissue eells (figure 12.11). 
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Figure 12.11 The rate and strength of heart eontraetions are regolated by the antagonistie aetions of sympathetie 
(eolored blue) and parasympathetie (eolored red) divisions of the autonomic nervous system. Sensory axons are 
eolored green. [^IR| 
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Neurons of the sympathetie division extend axons 
from the eardiae eontrol eenter down the spinal eord 
to the thoraeie region. There the sympathetie axons 
exit the spinal eord to innervate the SA node, AV node, 
and portions of the myocardium. The transmission of 
nerve impnlses causes the sympathetie axons to seerete 
norepinephrine at synapses in the heart. Norepinephrine 
inereases the heart rate and strengthens the foree of 
myoeardial eontraetion. Physieal and emotional stresses, 
such as exercise, excitement, anxiety, and fear, stimu- 
late the sympathetie division to inerease heart rate and 
eontraetion strength. 

Parasympathetie axons arise from the eardiae eon- 
trol eenter and exit in the vagus nerve (CN X) to inner- 
vate the SA and AV nodes. The transmission of nerve 
impnlses causes the parasympathetie axons to seerete 
aeetyleholine at the heart synapses, which deereases the 
heart rate. The greater the frequency of parasympathetie 
nerve impnlses sent to the heart, the slower the heart 
rate. Excessive blood pressnre and emotional faetors, such 
as grief and depression, stimnlate the parasympathetie 
division to deerease the heart rate. 

When the heart is at rest, more parasympathetie 
nerve impnlses than sympathetie nerve impnlses are 
sent to the heart. As eellnlar needs for blood inerease, 
a deerease in the frequency of parasympathetie nerve 
impnlses and an inerease in sympathetie nerve impnlses 
cause heart rate to inerease. 

Other Faetors Affeeting Heart 
Fnnetion 

Age, sex, physieal eondition, temperamre, epinephrine, 
thyroxine, and the blood levels of ealeinm and potassinm 
ions also affeet the heart rate and eontraetion strength. 

The resting heart rate gradnally deelines with age, 
and it is slightly faster in females than in males. Average 
resting heart rates in females are 72 to 80 beats per min- 
ute, as opposed to 64 to 72 beats per minute in males. 
People who are in good physieal eondition have a slower 
resting heart rate than those in poor eondition. Athletes 
may have a resting heart rate of only 40 to 60 beats per 
minute. An inerease in body temperamre, which occurs 
during exercise or when feverish, inereases the heart rate. 

Epinephrine, which is seereted by the adrenal 
glands during stress or excitement, affeets the heart like 
norepinephrine-it inereases the rate and strength of heart 
eontraetions. An excess of thyroxine prodnees a lesser, 
but longer-lasting, inerease in heart rate. 

Redneed levels of blood Ca^^ deerease the rate and 
strength of heart eontraetion, while inereased levels of 
blood Ca^^ inerease heart rate and eontraetion strength, 
and prolong eontraetion. In extreme eases, an excessively 
prolonged eontraetion may result in death. Excessive lev- 
els of blood deerease both heart rate and eontraetion 


strength. A high dose of is often used in lethal injee- 
tions, in which the abnormally high levels of blood K^ 
cause the heart to stop eontraeting. Abnormally low 
levels of blood K^ may cause potentially life-threatening 
abnormal heart rhythms. 



eheek 



IJnderstanding 



9. How are the heart rate and eontraetion strength 
regnlated? 

10. What other faetors affeet the heart rate and 
eontraetion strength? 


12.5 Types of Blood Vessels 

Learning Objeetives 

9. Deseribe the structure and function of arteries, arte- 
rioles, eapillaries, venules, and veins. 

10. Deseribe how materials are exchanged between eap- 
illary blood and interstitial fluid. 

There are three basie types of blood vessels: arteries, eapil- 
laries, and veins. They form a elosed system of mbes that 
earry blood from the heart to the tissue eells and baek to 
the heart. Table 12.3 eompares these three types. 


Structure of Arteries and Yeins 

The walls of arteries and veins are eomposed of three 
distinet layers. The mniea externa, the most snperfieial 
layer, is formed of dense irregnlar eonneetive tissue that 
includes both eollagen and elastie fibers. These fibers 
provide snpport and elastieity for the vessel. The mniea 
media, the middle layer, usually is the thiekest layer. It 
eonsists of smooth muscle eells that eneirele the blood 
vessel. The smooth muscle eells not only provide snpport 
but also produce ehanges in the diameter of the blood 
vessel by eontraetion or relaxation. The mniea intima, the 
deepest layer, forms the internal lining of blood vessels. 
It eonsists of a simple squamous epithelium, ealled the 
endotheliam, supported by thin layers of areolar eonnee- 
tive tissue eontaining elastie and eollagen fibers. 

The walls of arteries and veins have the same basie 
stmemre. However, arterial walls are thieker beeanse their 
mniea media eontains more smooth muscle and elastie 
eonneetive tissnes as an adaptation to the higher blood 
pressnre found in them. The mniea media of veins pos- 
sesses very little smooth muscle, which leads to a much 
thinner wall. Veins possess larger lumens than arteries; as 
a result, they ean hold a larger volume of blood. Another 
differenee is that large veins, but not arteries, eontain 
valves formed of endothelinm. Venous valves prevent a 
backflow of blood. Gompare the stmemre of arteries and 
veins in figure 12.12. 
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Table 12.3 Comparison of Arteries, Capillaries, and Veins 


Type of Vessel 

Function 

Structure 

Arteries 

Carry blood from the heart to the eapillaries 

eontrol blood flovv and blood pressure 

Gomposed of tunica intima, tunica media, and tunica 
externa 

Gontain more smooth muscle and elastie eonneetive 

tissues than veins 

Gapillaries 

Enable exchange of materials betvveen 
blood and interstitial fluid 

Mieroseopie vessels eomposed of endothelium 
supported by areolar eonneetive tissue 

Veins 

Return blood from eapillaries to the heart 

Serve as storage areas for blood 

Gomposed of tunica intima, tunica media, and tunica 
externa 

Have thinner vvalls and larger lumens than arteries 

Large veins have venous valves. 


Arteries 

Arteries earry blood away from the 
heart. They braneh repeatedly into 
smaller and smaller arteries and ulti- 
mately form mieroseopie arteries ealled 
arterioles (ar-te'-rè-òls). As arterioles 
braneh and form smaller arterioles, the 
thiekness of the mniea media deereases. 
The walls of the smallest arterioles eon- 
sist of only the mniea intima and a few 
eneireling smooth muscle eells. Arteries, 
espeeially the arterioles, play an impor- 
tant role in the eontrol of blood flow 
and blood pressnre. 

eapillaries 

Arterioles eonneet with eapillaries, 
the most numerous and the smallest 
blood vessels. A eapillary's diameter is 
so small that RBCs must pass through 
it in single file. The walls of eapillaries 
eonsist of an endothelinm snpported 
by a layer of areolar eonneetive tissue. 
These extremely thin walls faeilitate 
the exchange of materials between 
blood in eapillaries and tissue eells. 

The distribution of eapillaries in 
body tissnes varies with the metabolie 
aetivity of eaeh tissue. Gapillaries are 
espeeially abundant in aetive tissnes, 
such as muscle and nervons tissnes, 
where nearly every eell is near a eapil- 
lary. Gapillaries are less abnndant in eon- 
neetive tissnes and are absent in some 
tissnes, such as eartilage, epidermis, and 
the lens and eornea of the eye. 
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Figure 12.12 (a) The wall of an artery. (b) The wall of a vein. (e) The wall 
of a eapillary. &PlRl 






























































272 ehapter 12 The Cardiovascular System 


Arteriole 


Preeapillary 

sphineters 


eapillaries 


Venule 



Gapillary 

netvvork 


Figure 12.13 A eapillary netvvork. Preeapillary sphineters regulate 
the blood flovv from an arteriole into a eapillary. Oxygenated blood 
(red) enters a eapillary netvvork. Deoxygenated blood (blue) exits 
the eapillaries and enters a venule. 


Blood flow in eapillaries is eontrolled by preeapillary 
sphineters, smooth mnsele eells eneireling the bases of eap- 
illaries at the arteriole-eapillary jnnetions (fignre 12.13). 
Gontraetion of a preeapillary sphineter inhibits blood 
flow to its eapillary network. Relaxation of the sphineter 
allows blood to flow into its eapillary network to pro- 
vide oxygen and nntrients for the tissne eells. The flow of 
blood in eapillary networks oeenrs intermittently. When 
some eapillary networks are filled with blood, others are 
not. Gapillary networks reeeive blood aeeording to the 
needs of the eells that they serve. For example, dnring 
physieal exercise blood is diverted from eapillary net- 
works in the digestive traet to fill the eapillary networks 
in skeletal mnseles. This pattern of blood distribntion is 
largely reversed after a meal. 

Exchange of Materials 

The eontinnal exchange of materials between the blood 
and tissne eells is essential for life. Cells require oxygen 
and nutrients to perform their metabolie fnnetions, and 
they prodnee earbon dioxide and other metabolie wastes 
that must be removed by the blood. 

The eells of tissues are enveloped in a thin film 
of extracellular fluid ealled interstitial fluid, or tissae 
flaid, that fills tissue spaees and lies between the tissue 
eells and the eapillaries. Therefore, all materials that pass 
between the blood and tissue eells must pass through 
the interstitial fluid. Dissolved substances such as oxygen 
and nntrients diffnse from blood in the eapillary into the 


interstitial fluid and from the interstitial fluid 
into tissue eells. Garbon dioxide and metabolie 
wastes diffnse in the opposite direetion. 

Reeall that the eapillary walls are so thin that 
materials ean readily diffnse throngh them, and the 
jnnetions between these eells are not tight so fluid 
is able to move between the eells. Two opposing 
forees determine the movement of fluid between 
eapillary blood and interstitial fluid: osmotie pres- 
sure and blood pressnre. Osmotie pressnre of the 
blood resnlts from plasma proteins. Osmotie pres- 
sure tends to ''puir fluid from interstitial fluid into 
the eapillaries by osmosis. Blood pressnre against 
the eapillary walls resnlts from the foree of ventrie- 
ular eontraetions. It tends to push fluid out of the 
eapillaries into the interstitial fluid. This type of 
transport, foreing snbstanees throngh a membrane 
due to greater hydrostatie pressure on one side of 
the membrane, is known as fìltration. 

At the arteriolar end of a eapillary, blood 
pressnre exceeds osmotie pressnre, so fluid moves 
out of the eapillary into the interstitial fluid. 
In eontrast, at the vennlar end of the eapillary, 
osmotie pressnre exceeds blood pressnre, so fluid 
moves from the interstitial fluid into the eapillary 
by osmosis (figure 12.14). About nine-tenths of the 
fluid that moves from the arteriolar end of a eapillary into 
the interstitial fluid remrns into the vennlar end of the eap- 
illary. The remainder is pieked up by the lymphoid system 
and nltimately is remrned to the blood (see ehapter 13). 

Yeins 

After blood flows throngh the eapillaries, it enters the vennles, 
the smallest veins. Several eapillaries merge to form a venule. 
The smallest venules eonsist only of endothelinm and areo- 
lar eonneetive tissue, but larger venules also eontain smooth 
muscle tissue. Venules unite to form small veins. Small veins 
eombine to form progressively larger veins as blood is remmed 
to the heart. Larger veins, espeeially those in the upper and 
lower limbs, eontain valves that prevent a backflow of blood 
and aid the remrn of blood to the heart. 

Beeanse nearly 60% of the blood volume is in veins 
at any instant, veins may be eonsidered as storage areas 
for blood that ean be earried to other parts of the body 
in times of need. Venous sinusoids in the liver and spleen 
are espeeially important reservoirs. If blood is lost by 
hemorrhage, both blood volume and pressnre deeline. In 
response, the sympathetie division sends nerve impnlses 
to eonstriet the muscular walls of the veins, which rednees 
the venous volume while inereasing blood volume and 
pressnre in the heart, arteries and eapillaries. This effeet 
eompensates for the blood loss. A similar response occurs 
during strenuous muscular aetivity in order to inerease 
the blood flow to skeletal mnseles. 
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Figure 12.14 Fluid exchange aeross eapillary vvalls. Fluid moves out of or into eapillaries aeeording to the net differ- 
enee betvveen blood pressure and osmotie pressure. Solutes diffuse out of or into eapillaries aeeording to eaeh sol- 
ute’s eoneentration gradient. 



eheek 



Understandinq 



11. Gompare the structure and hmetion of arteries, 
eapillaries, and veins. 

12. How does the exchange of materials occur 
between blood in eapillaries and tissue eells? 

V___ J 


three additional forees: skeletal masele eontraetions, respira- 
tory movements, and gravity. 

Gontraetions of skeletal muscles eompress the veins, 
foreing blood from one valved segment to another and on 
toward the heart because the valves prevent a backflow of 


12.6 Blood Flow 

Learning Objeetive 

11. Deseribe the meehanism of blood circulation. 

Blood circulates because of differenees in blood 
pressure. Blood flows from areas of higher pres- 
sure to areas of lower pressure. Blood pressure is 
greatest in the ventrieles and lowest in the atria. 
Figure 12.15 shows the deeline of blood pressure 
in the systemie circuit with inereased distanee 
from the left ventriele. 

Gontraetion of the ventrieles ereates the 
blood pressure that propels the blood through 
the arteries. However, the pressure deelines as 
the arteries braneh into an inereasing number of 
smaller and smaller arteries and finally eonneet 
with the eapillaries. The deeline in blood pressure 
occurs because of the inereased distanee from the 
ventriele. By the time blood has left the eapillaries 
and entered the veins, there is very little blood 
pressure remaining to remrn the blood to the 
heart. The remrn of venous blood is assisted by 



Figure 12.15 Blood pressure deereases as distanee from the 
left ventriele inereases. 
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blood. This method of moving venons blood toward the 
heart is espeeially important in the retnrn of blood from the 
npper and lower limbs, and it is illnstrated in fignre 12.16. 

Respiratory movements aid the movement of blood 
snperiorly toward the heart in the abdominopelvie and 
thoraeie eavities. The inferior movement of the diaphragm 
as it eontraets dnring inspiration deereases the pressnre 
within the thoraeie eavity and inereases the pressnre 
within the abdominopelvie eavity. The higher pressnre in 
the abdominopelvie eavity forees blood to move from the 
abdominopelvie veins snperiorly into thoraeie veins, where 
the pressnre is redneed. When the diaphragm relaxes and 
moves snperiorly, the thoraeie and abdominopelvie pres- 
snres reverse. Backflow of blood into the veins of the 
lower limb is prevented by the presenee of venons valves. 

Gravity aids the remrn of blood in veins snperior to 
the heart. 

Yeloeity of Blood Flow 

The veloeity of blood flow varies inversely with the 
overall eross-seetional area of the eombined blood vessels. 


To heart 



Relaxed skeletal 
iTijsele 


Vein 


Gontraeted 
skeletal mosele 


To heart 




Valve 



Vein 


Valve elosed 


Figure 12.16 Contraction of skeletal moseles eom- 
presses veins and aids the movement of blood toward 
the heart. 


Therefore, the veloeity progressively deereases as blood 
flows throngh an inereasing nnmber of smaller and smaller 
arteries and into the eapillaries. Then, the veloeity progres- 
sively inereases as the blood flows into a deereasing num- 
ber of larger and larger veins on its way baek to the heart. 

Blood veloeity is fastest in the aorta and slowest in 
the eapillaries, an ideal situation providing for the rapid 
eirenlation of the blood and yet snffieient time for the 
exchange of materials between blood in the eapillaries 
and the interstitial fluid surrounding tissue eells. 

12.7 Blood Pressure 

Learning Objeetives 

12. Gompare systolie and diastolie blood pressure. 

13. Deseribe how blood pressure is regulated. 

The term blood pressme, the foree of blood against the wall 
of the blood vessels, usually refers to arterial blood pres- 
sure in the systemie circuit-in the aorta and its branehes. 
Arterial blood pressnre is greatest during ventrienlar eon- 
traetion (systole) as blood is pumped into the aorta and 
its branehes. This pressnre is ealled the systolie blood 
pressure, and it optimally averages 110 millimeters of 
merenry (mm Hg) when measnred in the braehial artery. 
The lowest arterial pressnre occurs during ventrienlar 
relaxation (diastole). This pressnre is ealled the dìastolìe 
blood pressure, and it optimally averages 70 mm Hg 
(figure 12.15). 

The differenee between the systolie and diastolie 
blood pressnres is known as the pnlse pressnre (figure 12.15). 
The alternating inerease and deerease in arterial blood 
pressnre during ventrienlar systole and diastole causes a 
eomparable expansion and eontraetion of the elastie arte- 
rial walls. This pnlsating expansion of the arterial walls fol- 
lows eaeh ventrienlar eontraetion, and it may be deteeted 
as the pnlse by plaeing the fingers on a snperfieial artery. 
Figure 12.17 identifies the name and loeation of snperfieial 
arteries where the pulse may be deteeted. 

Faetors Affeeting Blood Pressore 

Three major faetors affeet blood pressure: eardiae output, 
blood volume, and peripheral resistanee. An inerease in 
any of these faetors causes an inerease in blood pressnre, 
while a deerease in any of these causes a deerease in 
blood pressnre. 



A blood pressure of 110/70 mm Hg is optimal. Eaeh 
20 mm Hg of systolie pressure over 115, and eaeh 
10 mm Hg of diastolie pressure over 75 doubles 
the risk of heart attaek, stroke, and kidney disease. 
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Dorsalis pedis 
artery 


vessels. inereasing peripheral resistanee will inerease 
blood pressnre, while deereasing peripheral resistanee 
deereases blood pressnre. Peripheral resistanee is deter- 
mined by vessel diameters, total vessel length, and blood 
viseosity. Arterioles play a eritieal role in eontrolling 
blood pressnre by ehanging their diameters. As arteri- 
oles eonstriet, peripheral resistanee inereases and blood 
pressnre inereases aeeordingly. As arterioles dilate, 
peripheral resistanee and blood pressnre deerease. 
Peripheral resistanee is direetly proportional to the total 
length of the blood vessels in the body: the longer the 
total length of the vessels, the greater their resistanee 
to flow. Obese people tend to have hypertension partly 
beeanse their bodies eontain more blood vessels to 
serve the extra adipose tissne. Viseosity is the resistanee 
of a liquid to flow. For example, water has a low viseos- 
ity, while honey has a high viseosity. Blood viseosity is 
determined by the ratio of plasma to formed elements 
and plasma proteins. inereasing viseosity, or shifting 
the ratio in favor of the formed elements and plasma 
proteins, inereases peripheral resistanee and blood pres- 
sure. Both dehydration (loss of water from plasma) and 
polyeythemia (elevated RBC count) ean inerease viseos- 
ity. Abnormally high levels of blood lipids and sugar are 
also risk faetors for hypertension beeanse they inerease 
blood viseosity, in addition to promoting the forma- 
tion of plaque on the vessel walls. Deereasing viseos- 
ity throngh over-hydration or eertain types of anemia 
(see ehapter 11) will deerease peripheral resistanee and 
blood pressnre. 


Figure 12.17 Loeations and arteries where the pulse 
may be deteeted. See figures 12.19 and 12.20 for 
speeifie loeations of these arteries. 

Reeall that eardiae output is determined by the 
heart rate and the stroke volume. An inerease or deerease 
in eardiae output causes a eomparable ehange in blood 
pressnre. 

Blood volame may be deereased by severe hemor- 
rhage, vomiting, diarrhea, or redneed water intake. The 
deerease in blood volume causes a deerease in blood 
pressnre. Many drugs used to treat hypertension (abnor- 
mally high blood pressnre) aet as dinreties, meaning they 
inerease urine volume and as a result deerease blood vol- 
ume. As soon as the lost fluid is replaeed, blood pressure 
remrns to normal. Gonversely, if the body retains too 
much fluid, blood volume and blood pressnre inerease. A 
high-salt diet is a risk faetor for hypertension beeanse it 
causes the blood to retain more water as a result of osmo- 
sis, leading to an inerease in blood volume. 

Peripheral resistanee is the opposition to blood flow 
ereated by frietion of blood against the walls of blood 


eontrol of Peripheral Resislanee 

The sympathetie division of the ANS eontrols periph- 
eral resistanee primarily by regnlating the diameter of 
blood vessels, espeeially arterioles. The integration een- 
ter is the vasomotor eenter in the mednlla oblon- 
gata. An inerease in the frequency of sympathetie nerve 
impnlses to the smooth muscle of blood vessels pro- 
duces vasoeonstrietion, which inereases resistanee. 
The inerease in resistanee inereases blood pressnre and 
blood veloeity. This response aeeelerates the rate of oxy- 
gen transport to eells and the removal of earbon diox- 
ide from blood by the lungs. A deerease in sympathetie 
nerve impnlse frequency resnlts in vasodilation, which 
deereases resistanee. The deerease in resistanee deereases 
blood pressnre and blood veloeity. 

Like the eardiae eontrol eenter, the aetivity of the 
vasomotor eenter is modified by nerve impnlses from 
higher brain areas, and sensory nerve impnlses from baro- 
reeeptors and ehemoreeeptors in the aortie areh and 
the internal and external earotid arteries. For example, a 
deerease in pressnre, pH, or oxygen eoneentration of the 
blood stimnlates vasoeonstrietion. Gonversely, an inerease 
in these values promotes vasodilation. 
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In addition, arterioles and preeapillary sphineters 
are affeeted by loealized ehanges in blood eoneentrations 
of oxygen, earbon dioxide, and pH. These loeal effeets 
override the eontrol by the vasomotor eenter, throngh 
a proeess ealled amoregalation, and inerease the rate of 
exchange of materials between tissne eells and the eapil- 
laries. For example, if a partienlar mnsele gronp is aetive 
for an extended period, a loealized deerease in oxygen 
eoneentration and an inerease in earbon dioxide eon- 
eentration resnlt. These ehemieal ehanges stimnlate the 
vasodilation of loeal arterioles and preeapillary sphineters, 
which inereases the flow of blood into eapillary networks 
of the affeeted mnseles to provide more oxygen and to 
remove more earbon dioxide. 



eheek 



LJnderstanding 



13. How does blood pressnre affeet the flow of blood 
through blood vessels? 

14. How are systolie and diastolie blood pressnre 
different? 

15. How do eardiae output, blood volume, and 
peripheral resistanee affeet blood pressnre? 

V___ J 


Systemie Circuit 

The systemie eirenit earries oxygenated blood to the tis- 
sue eells of the body and remrns deoxygenated blood to 
the heart. The left ventriele pumps the freshly oxygen- 
ated blood, reeeived from the pnlmonary eirenit, into the 
aorta for eirenlation to all parts of the body except the 
lungs. The aorta branehes to form many major arteries, 
which eontinnally braneh to form arterioles leading to 
eapillaries, where the exchange of materials between the 
blood and interstitial fluid takes plaee. Oxygen diffnses 
from the eapillary blood into the tissue eells, while ear- 
bon dioxide diffnses from the tissue eells into the blood. 
From the eapillaries, blood enters vennles, which merge 
to form small veins, which join to form progressively 
larger veins. IJltimately, veins from the snperior body 
(head, neek, shonlders, upper limbs, and snperior trunk) 
join to form the snperior vena eava, which remrns blood 
from these regions baek to the right atrium. Similarly, 
veins from the inferior body (inferior tmnk and lower 
limbs) enter the inferior vena eava, which also remrns 
blood into the right atrium. The eoronary sìnus drains 
the blood from the myoeardinm into the right atrium 
(see figure 12.5). 


12.8 Cìrculation Pathvvays 

Learning Objeetive 

14. Compare the systemie and pulmonary circuits. 


12.9 Systemie Arteries 

Learning Objeetive 

15. Identify the major systemie arteries and the organs 
or body regions that they supply. 


As noted earlier, the heart is a double pump that serves 
two distinet eirenlation pathways: the pnlmonary and 
systemie eirenits. These eirenits were shown earlier in 
figure 12.7. 

Pulmonary Circuit 

The pulmonary eirenit earries deoxygenated blood to 
the lungs, where oxygen and earbon dioxide are exchanged 
between the blood and the air in the lungs. The right 
ventriele pumps deoxygenated blood into the pulmo- 
nary tmnk, a short, thiek artery that divides to form the 
left and right pnlmonary arteries. Eaeh pnlmonary artery 
enters a lung and divides repeatedly to form arterioles, 
which eontinne into the alveolar eapillaries that surround 
the air saes (alveoli) of the lungs (see ehapter 14). Oxygen 
diffnses from the air in the alveoli into the eapillary blood, 
and earbon dioxide diffnses from the blood into the air 
in the alveoli. Blood then flows from the eapillaries into 
vennles, which merge to form small veins, which, in mrn, 
join to form progressively larger veins. Two pnlmonary 
veins emerge from eaeh lung to earry oxygenated blood 
baek to the left atrium of the heart. 


Major Branehes of the Aorta 

The aorta aseends from the heart, arehes to the left and 
posterior to the heart, and deseends throngh the tho- 
raeie and abdominal eavities just anterior to the verte- 
bral column. Beeanse of its size, the aorta is divided into 
four regions: the aseending aorta, the aortie areh, the 
thoraeie aorta, and the abdominal aorta. Figure 12.18 
shows the major branehes of the aorta and their relation- 
ships to the internal organs. Tables 12.4 and 12.5 list 
the major branehes of the aorta and the organs and body 
regions that they supply. 

The first arteries to braneh from the aorta are the 
left and right eoronary arteries, which supply blood to the 
heart. They braneh from the aorta just distal to the aortie 
valve in the base of the aseending aorta. 

Three major arteries braneh from the aortie areh 
In order of branehing, they are the braehioeephalie 
(bràk-è-ò-se-faF-ik) trunk, the left eommon earotid 
(kah-rot'-id) artery, and the left snbelavian (sub-klà'- 
vè-an) artery. 

Pairs of posterior intereostal (in ter kos' tal) arteries 
braneh from the thoraeie aorta to supply the intereostal 
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Figure 12.18 (a) The major arteries that braneh from the aorta. (b) Major arteries supplying the thoraeie eage. 
(a. = artery) ÍÀPIR] 


muscles betvveen the ribs and other organs of the thoraeie 
wall. A number of other small arteries supply the organs of 
the thoraeie eavity. 

Onee the aorta deseends throngh the diaphragm, 
it is ealled the abdominal aorta, and it gives off several 
braneh arteries to the abdominal wall and viseeral organs. 
The eeliae (sè'-lè-ak) trunk is a short artery that divides 
to form three braneh arteries: (1) the left gastrie artery 
snpplies the stomaeh and esophagns, (2) the splenie 


artery snpplies the spleen, stomaeh, and panereas, and 
(3) the eommon hepatie artery snpplies the liver, gall- 
bladder, stomaeh, duodenum, and panereas. 

The superior mesenterie (mes-en-ter'-ik) artery 
snpplies the panereas, most of the small intestine, and the 
proximal portion of the large intestine. The left and right 
renal arteries supply the kidneys. The left and right 
ovarian arteries supply the ovaries in females. The left 
and right testienlar arteries supply the testes in males. 
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Table 12.4 Major Arteries Branehing from the Aseending Aorta, Aortie Areh, and Thoraeie Aorta 


Artery 

Origin 

Region Suppiied 

Goronary 

Aseending aorta 

Myocardium 

Braehioeephalie trunk 

Aortie areh 

Branehes as belovv 

Right eommon earotid 

Braehioeephalie trunk 

Right side of head and neek 

Right subclavian 

Braehioeephalie trunk 

Right shoulder and upper limb, thoraeie vvall 

Left eommon earotid 

Aortie areh 

Left side of head and neek 

External earotid 

Gommon earotid 

Sealp, faee, and neek 

Internal earotid 

Gommon earotid 

Brain 

Left subclavian 

Aortie areh 

Left shoulder and upper limb, thoraeie vvall 

Vertebral 

Subclavian 

Neek and brain 

Axillary 

Subclavian 

Axilla and shoulder 

Braehial 

Axillary 

Arm 

Radial 

Braehial 

Forearm and hand 

Ulnar 

Braehial 

Forearm and hand 

Posterior intereostal 

Thoraeie aorta 

Thoraeie vvall 


Table 12.5 Major Arteries Branehing from the Abdominal Aorta 


Artery 

Origin 

Region Suppiied 

Celiac trunk 

Abdominal aorta 

Liver, stomaeh, spleen, gallbladder, esophagus, and panereas 

eommon hepatie 

Celiac trunk 

Liver, gallbladder, stomaeh, duodenum, and panereas 

Left gastrie 

Geliae trunk 

Stomaeh and esophagus 

Splenie 

Geliae trunk 

Spleen, stomaeh, and panereas 

Renal 

Abdominal aorta 

Kidney 

Superior mesenterie 

Abdominal aorta 

Panereas, small intestine, and proximal part of large intestine 

Ovarian, testicular 

Abdominal aorta 

Ovaries or testes 

Lumbar 

Abdominal aorta 

Lumbar region of baek 

Inferior mesenterie 

Abdominal aorta 

Distal part of large intestine 

eommon iliae 

Abdominal aorta 

Pelvie region and lovver limb 

Internal iliae 

Gommon iliae 

Pelvie vvall, pelvie viseera, external genitalia, and medial thigh 

External iliae 

Gommon iliae 

Pelvie vvall and lovver limb 

Femoral 

External iliae 

Thigh 

Popliteal 

Femoral 

Knee 

Anterior tibial 

Popliteal 

Leg (anterior) and foot 

Posterior tibial 

Popliteal 

Leg (posterior) and foot 


Several pairs of lumbar arteries supply the walls 
of the abdomen and baek. The inferior mesenterie 
artery supplies the distal portion of the large intestine. 

At the level of the iliae erests, the aorta divides to 
form two large arteries, the left and right eommon iliae 
(ir-é-ak) arteries, which earry blood to the inferior por- 
tions of the trunk and to the lower limbs. 


Arteries Sepplying the Head 
and Neek 

The head and neek reeeive blood from several arteries that 
braneh from the eommon earotid and subclavian arteries. 
Note in figures 12.18 and 12.19 that the braehioeephalie 
trunk branehes to form the right eommon earotid 
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Figure 12.19 Major arteries supplying the head and 
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artery and the right subclavian artery. The left eom- 
mon earotid and left snbelavian arteries braneh direetly 
from the aortie areh. 

Eaeh eommon earotid artery divides in the neek 
to form an external earotid artery and the internal 
earotid artery. Near the jnnetion of external and inter- 
nal earotid arteries are the earotid body (the site of ehe- 
moreeeptors) and earotid sinas (the site of baroreeeptors), 
which send sensory nerve impnlses to the eardiae eon- 
trol and vasomotor eenters in the mednlla oblongata. The 
external earotid arteries give rise to a nnmber of smaller 
arteries that earry blood to the neek, faee, and sealp. The 
internal earotid arteries enter the eraninm and provide 
the major snpply of blood to the brain. 

The neek and brain are also snpplied by the 
vertebral arteries. They braneh from the snbelavian 
arteries and pass snperiorly throngh the transverse foram- 
ina of eervieal vertebrae to enter the eraninm. 

Arteries Supplying the Shouiders 
and IJpper Limhs 

The snbelavian artery provides branehes to the shonlder 
and passes inferior to the elaviele to beeome the axillary 
artery, which snpplies branehes to the thoraeie wall and 
axillary region. The axillary artery eontinnes into the arm 
to beeome the braebial artery, which provides branehes 
to serve the arm. At the elbow, the braehial artery divides 
to form a radial artery and an ulnar artery, which sup- 
ply the forearm and wrist and merge to form a network of 
arteries supplying the hand (figure 12.20 and table 12.4). 


Arleries Supplying the Pelvis 
and Lovrer Limbs MMl 

As noted earlier, the left and right eommon iliae arter- 
ies braneh from the inferior end of the aorta. Eaeh eom- 
mon iliae branehes within the pelvis to form internal and 
external iliae arteries. The internal iliae artery is the 
smaller braneh that snpplies the pelvie wall, pelvie organs, 
external genitalia, and medial thigh mnseles. The exter- 
nal iliae artery is the larger braneh, and it snpplies the 
anterior pelvie wall and eontinnes into the thigh, where 
it beeomes the femoral artery (figure 12.20). 

The femoral artery gives off branehes that supply 
the anterior and medial mnseles of the thigh. The largest 
braneh is the deep femoral artery, which serves the 
posterior and lateral thigh mnseles. As the femoral artery 
deseends, it passes posterior to the knee and beeomes the 
popliteal (pop-li-té'-al) artery, which snpplies eertain 
mnseles of the thigh and leg, as well as the knee. The 
popliteal artery branehes just inferior to the knee to form 
the anterior and posterior tibial arteries. 

The anterior tibial artery deseends between the 
tibia and fibula to supply the anterior and lateral por- 
tions of the leg, and it eontinnes to beeome the dorsalis 
pedis, which snpplies the ankle and foot. The posterior 
tibial artery lies posterior to the tibia and snpplies the 
posterior portion of the leg, and it eontinnes to supply 
the ankle and the plantar snrfaee of the foot. Its largest 
braneh is the fibnlar artery, which serves the lateral leg 
mnseles (table 12.5). 



The pulse may be taken at any superficial artery, but 
the radial artery at the wrist and the eommon earotid 
artery in the neek are the most eommonly used 
sites. Blood pressure is usually taken in the bra- 
ehial artery of the arm. The radial artery at the wrist 
and the femoral artery at the groin are the eommon 
entry sites for angioplasty, a procedure in which a 
wire is fed into the arteries for widening narrowed or 
obstructed eoronary or other systemie arteries. 

V___ J 



eheek 



IJnderstanding 


16. What is the arterial pathway of blood from 
the left ventriele to the right side of the brain? 

17. What is the arterial pathway of blood from 
the left ventriele to the small intestine? 

18. What is the arterial pathway of blood from the 
left ventriele to the snperior snrfaee of the foot? 
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Figure 12.20 Major systemie arteries. 
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12.10 Systemie Veìns 

Learning Objeetives 

16. Identify the major systemie veins and 
the organs or body regions that they 
drain. 


The systemie veins reeeive deoxygenated 
blood from eapillaries and remrn the blood 
to the heart. IJltimately, all systemie veins 
merge to form two major veins, the supe- 
rior and inferior venae eavae, that empty 
into the right atrium of the heart. 


Venous sinuses 


Right external 
jugular v. 


Right axillary v. 


Yeins Draining the Head 
and Neek 

As shown in figure 12.21, superficial areas 
of the head and neek are drained by the 
left and right external jugular (jug'-u- 
lar) veins, which lead into the left and 
right snbelavian veins, respeetively. 

The left and right vertebral veins earry 
blood from the eervieal spinal eord and 
deep neek regions into the snbelavian 
veins as well. 

Most of the blood from the brain, 
faee, and neek is earried by the left and right internal 
jugular veins. Eaeh internal jugular vein merges with 
a snbelavian vein to form a braehioeephalie vein. 



Right internal 
]ugular v. 

Right vertebral v. 

Right subclavian v. 
Right braehioeephalie v 


Figure 12.21 Major veins draining the head and neek. (v. 


vein) 



The left and right braehioeephalie veins join to form the 
snperior vena eava, which retnrns blood to the right 
atrium of the heart (table 12.6). 


Table 12.6 Major Veins Draining to the Superior Vena Cava 


Vein 

Region Drained and Loeation 

Reeeiving Vein 

Head and Neek 

External jugular 

Faee, sealp, and neek 

Subclavian 

Vertebral 

Gervieal spinal eord and deep neek 

Subclavian 

Internal Jugular 

Brain, faee, and neek 

Braehioeephalie 

Upper Lìmb and Shoalder 

Radial 

Hand and forearm (deep) 

Braehial 

Lllnar 

Hand and forearm (deep) 

Braehial 

Basilie 

Medial upper limb (superficial) 

Axillary 

eephalie 

Lateral upper limb (superfìcial) 

Axillary 

Braehial 

Arm (deep) 

Axillary 

Axillary 

Axilla and shoulder 

Subclavian 

Subclavian 

Shoulder and thoraeie vvall 

Braehioeephalie 

Trunk 

Braehioeephalie 

Head, neek, shoulder, upper limb, and thoraeie vvall 

Superior vena eava 

Azygos 

Thoraeie and abdominal vvalls 

Superior vena eava 

Posterior intereostal 

Thoraeie vvall 

Azygos 

Aseending lumbar 

Abdominal vvall 

Azygos 
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Yeins Draining the Shoniders 
and IJpper Limhs 

Deep regions of the forearm are drained by the radìal and 
ulnar veins. These two veins join at the elbow to form 
the braehìal vein, which drains the deep areas of the 
arm (fignre 12.22). 

Snperfieial regions of the hand, forearm, and arm are 
drained by the laterally loeated eephalie (se-fal'-ik) vein 
and the medially loeated hasilie (bah-sil'-ik) vein. Note 
the median cuhital (kyu-bi-tal) vein, which eonneets 
the basilie and eephalie veins. 

The basilie and braehial veins merge in the axilla to 
form the axillary vein, which, in turn, joins with the 
eephalie vein to form the snbelavian vein. As noted 
earlier, the snbelavian vein joins with the internal jugular 
vein to form the braehioeephalie vein (table 12.6). 

Yeins Draining the Peivis 
and Lovrer Limbs ^153 

The anterior and posterior tihial veins drain the foot 
and deep regions of the leg. They join inferior to the 
knee to form the popliteal vein. The small saphe- 
nous (sah-fè'-nus) vein drains the snperfieial posterior 
part of the leg and merges with the popliteal vein. The 
fibnlar vein drains the lateral portion of the leg and 
joins with the popliteal vein at the knee to form the 
femoral vein, which drains the deep regions of the 
thigh and hip. 

The great saphenons vein originates from the 
venous arehes in the foot, and it drains the medial and 
snperfieial portions of the foot, leg, and thigh. It merges 
with the femoral vein to form the external iliae vein. 
The external iliae vein and the internal iliae vein 
reeeive branehes that drain the snperior thigh and pelvie 
areas, and they merge to form the eommon iliae vein. 
The left and right eommon iliae veins merge to form the 
inferior vena eava, which remrns blood to the right 
atrium of the heart (see figure 12.22). 




niea 


nsiqh 


The median cubital vein is the vein of ehoiee when 
drawing a sample of blood for elinieal tests. It is eas- 
ily loeated just deep to the skin on the anterior sur- 
faee of the elbowjoint. In eoronary bypass surgery, 
a segment of the internal thoraeie artery, saphe- 
nous vein, or radial artery is grafted to the afflieted 
eoronary artery on eaeh side of the bloekage. The 
subclavian vein is a eommon site for implanting the 
eentral line, a long-term eatheter for administering 
medieations and taking blood samples. 


Yeins Draining the Abdominai 
and Theraeie Walls ^£iB] 

The azygos (az'-i-gò-s) vein drains most of the thoraeie 
and abdominal walls, and it empties into the snperior 
vena eava near the right atrium. The azygos vein 
reeeives blood from a number of smaller veins, inelnding 

the posterior intereostal veins and the aseending 
lumbar vein, which drains the wall of the abdomen 
(figure 12.23). 


Yeins Draining the Abdominai 
Yiseera &piB] 


The hepatie portal vein earries blood from the stom- 
aeh, intestines, spleen, and panereas to the liver instead 
of the inferior vena eava. The hepatie portal vein is 
formed by the union of the snperior mesenterie 
vein, which drains the small intestine and proximal 
large intestine, and the splenie vein, which drains the 
spleen. The splenie vein reeeives blood from the inferior 
mesenterie vein, which drains the distal large intestine, 
and the panereatie vein, which drains the panereas. 
The gastrie veins, from the stomaeh, drain direetly into 
the hepatie portal vein. All of these veins eompose the 
hepatie portal system. 

After entering the liver, the blood flows throngh 
the venous sinusoids, where materials are either 
removed or added before the blood enters the hepatie 
veins, which empty into the inferior vena eava (figure 
12.24a). Note that 75% of the blood supply to the liver 
eomes from the hepatie portal vein; the rest eomes 
from the hepatie artery proper (see figure 12.18«). The 
hepatie portal system allows the liver to monitor and 
adjust the eoneentrations of snbstanees in blood eom- 
ing from the digestive traet before it enters the general 
eirenlation. 

The left and right renal veins earry blood from 
the kidneys, and the left and right ovarian or testienlar 
veins remrn blood from the ovaries in females or the tes- 
tes in males, respeetively. Both renal veins and the right 
ovarian or testienlar vein drain into the inferior vena eava. 
The left ovarian or testienlar vein empties into the left 
renal vein (figure 12.24Ò and table 12.7). 



eheek 



Understandinq 


19. What is the venons pathway of blood from the 
left side of the head to the right atrinm? 

20. What is the venons pathway of blood from the 
small intestine to the right atrinm? 

21. What is the venons pathway of blood from the 
posterior portion of the ankle to the right atrinm? 
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Veins of the shoulder 
and upper limb 


Veins of the neek and trunk 


Subclavian 


Internal jugular 
External ]ugular 


Gephalie 


Axillary 


Basilie 


Braehial 


Median cubital 


Radial 


Basilie 


Gephalie 


Veins of the lower limb 


Great saphenous 


Small saphenous 



Femoral 


Popliteal 


Posterior tibial 


Anterior tibial 


Fibular 


Left braehioeephalie 

Right braehioeephalie 
Superior vena eava 


Inferior vena eava 


Hepatie 

Splenie 


Hepatie portal 
Superior mesenterie 


Inferior mesenterie 


Left eommon iliae 


External iliae 


Internal iliae 


Figure 12.22 Major systemie veins. 
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Right 

braehioeephalie v. 


Superior vena 

eava 


Azygos v. 


Posterior 
intereostal v. 


Aseending 
lombar v. 


Inferior vena 

eava 


Right renal v. 



Anterìor view 


Left 

braehioeephalie v. 
Aortie areh 


Posterior 
intereostal v. 


Abdominal aorta 
Kidney 

Left renal v. 


Figiire 12.23 Majorveins of the thoraeie eavity. 

Table 12.7 Major Veins Draining to the Inferior Vena Cava 

Vein 

Region Drained and Loeation 

Reeeiving Vein 

Lower Lìmb 



Anterior and posterior tibial 

Foot and leg 

Popliteal 

Popliteal 

Knee 

Femoral 

Small saphenous 

Posterior leg (superficial) 

Popliteal 

Great saphenous 

Lovver limb (superficial) 

Femoral 

Femoral 

Thigh 

External iliae 

Trunk 



Hepatie portal 

Intestines, stomaeh, spleen, and panereas 

Liver sinusoids 

Hepatie 

Liver 

Inferior vena eava 

Renal 

Kidneys 

Inferior vena eava 

Right ovarian or testicular 

Right ovary or testis 

Inferior vena eava 

Left ovarian or testicular 

Left ovary or testis 

Left renal 

External iliae 

Pelvie vvall and lovver limb 

Gommon iliae 

Internal iliae 

Viseera in pelvis and inferior abdominal eavity. 

Gommon iliae 


pelvie vvall, and superior thigh 


eommon iliae 

Pelvie and inferior abdominal regions and lovver limb 

Inferior vena eava 
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Liver 

Hepatie portal v. 

Gallbladder 

Panereas 

Superior 
mesenterie v. 

Aseending eolon 
Small intestine 




Inferior vena eava 
Hepatie V. 

Left gastrie v. 

Stomaeh 

Spleen 

Splenie V. 

Right gastrie v. 

Splenie V. (behind 
stomaeh) 

Inferior 
mesenterie v. 

Deseending eolon 
Inferior vena eava 


Hepatie V. 

Inferior vena eava 
Right renal v. 


Right ovarian/ 
testicular v. 

Abdominal aorta 

Right eommon iliae v. 
Right external iliae v. 

Right internal iliae v. 



Gland 

Kidney 

Left renal v. 

Left ovarian/ 
testicular v. 

Dreter 


Left eommon 

iliae V. 


Golon 


Drinary bladder 


Figure 12.24 (a) An anterior view of the veins of the hepatie portal system. (b) An anterior view of the major veins 
draining into the inferior vena eava. lAPlRl 
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12.11 Disorders of the Heart 
and Blood Vessels 

Learning Objeetive 

17. Deseribe the eommon disorders of the heart and 
blood vessels. 

These disorders are grouped aeeording to vvhether they 
affeet primarily the heart or the blood vessels. In some 
eases, the underlying cause of a heart ailment is a blood 
vessel disorder. 

Heart Disorders 

Arrhythmia (ah-rith'-mè-ah), or dysrhythmia, refers to an 
abnormal heartbeat. It may be caused by a number of fae- 
tors, including damage to the heart eondnetion system, 
drugs, eleetrolyte imbalanee, or a diminished supply of 
blood via the eoronary arteries. In addition to irregnlar 
heartbeats, arrhythmia inelndes 

Bradyeardia-a slow heart rate of less than 60 beats 
per minute. Note that the bradyeardia in well- 
trained athletes is a healthy eondition beeanse it 
saves energy during resting heart eontraetion and 
has a greater potential to inerease eardiae output. 

• Taehyeardia-a fast heart rate of over 100 beats per 
minute. 

Heart flutter-a very rapid heart rate of 200 to 300 
beats per minute. 

• Fibrillation-a very rapid heart rate in which the 
eontraetions are nneoordinated so that blood is not 
pumped from the ventrieles. Ventrienlar fibrillation 
is usually fatal without prompt treatment. 

Gongestive heart failnre (CHF) is the acute or 
ehronie inability of the heart to pump out the blood 
remrned to it by the veins. Symptoms inelnde fatigne; 
edema (accumulation of fluid) of the lungs, feet, and legs; 
and excess accumulation of blood in internal organs. CHF 
may result from atheroselerosis of the eoronary arteries, 
which deprives the myoeardinm of adequate blood. 

Heart murmurs are unusual heart sounds. They 
are usually assoeiated with defeetive heart valves, which 
allow a backflow of blood. IJnless there are eomplieations, 
heart murmurs have little elinieal signifieanee. 

Myoeardial infaretion (mi-ó-kar'-dé-al in-fark'-shun) 
is the death of a portion of the myoeardinm due to an 
obstrnetion in a eoronary 
blood elot that has formed as a result of atheroselerosis. This 
event is eommonly ealled a "'heart attaek,'' and it may be fatal 
if a large portion of the myoeardinm is deprived of blood. 

Periearditis is the inflammation of the perieardinm 
and is usually caused by a viral or baeterial infeetion. It 
may be quite painful as the inflamed membranes rub 
together during eaeh heart eyele. 


artery. The obstrnetion is usually a 


Bleod Yessel Disorders 

An anenrysm (an'-yti-rizm) is a weakened portion of a 
blood vessel that bulges externally, forming a balloonlike 
sae filled with blood. Rupture of an anenrysm in a major 
artery may prodnee a fatal hemorrhage. 

Arterioselerosis (ar-te"-réó-skle-ró'-sis) is hardening 
of the arteries. It resnlts from ealeinm deposits that accu- 
mulate in the mniea media of arterial walls and is usually 
assoeiated with atheroselerosis. 

Atheroselerosis is the formation of fatty deposits 
(eholesterol and triglyeerides) along the mniea intima 
of arterial walls. The atheroselerotie plaques reduce the 
lumen of the arteries and inerease the probability of blood 
elots being formed. Such deposits in the eoronary, earotid, 
or eerebral arteries may lead to serions eirenlatory prob- 
lems (figure 12.25). 



{a) Lumen Arteryvvall 



(b) Fatty deposit Lumen Artery wall 


Figure 12.25 Cross seetions of (a) a normal artery and 
(b) an atheroselerotie artery whose lumen is diminished 
by fatty deposits. Atheroselerosis promotes the formation 
of a blood elot within the artery. 
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Hypertension refers to ehronie high blood pres- 
sure. It is the most eommon disease affeeting the heart 
and blood vessels. Blood pressure that exceeds 140/90 
mm Hg is indieative of hypertension. A systolie blood 
pressnre of 120 to 139 mm Hg and a diastolie blood pres- 
sure of 80 to 89 mm Hg is eonsidered to be prehyperten- 
sion. Hypertension may be caused by a variety of faetors, 
but persistent stress and smoking are eommonly involved. 

Phlebitis (flé-bi'-tis) is inflammation of a vein, and it 
most often occurs in a lower limb. If it is eomplieated by 
the formation of a blood elot, it is ealled thrombophlebitis. 


Varieose veins are veins that have beeome 
dilated and swollen beeanse their valves are not func- 
tioning properly. Heredity seems to play a role in 
their oeenrrenee. Pregnaney, standing for prolonged 
periods, and laek of physieal aetivity reduce venous 
return and promote varieose veins in the lower limbs. 
ehronie eonstipation promotes their oeenrrenee in 
the anal eanal, where they are ealled hemorrhoids 
(hem'o-royds). 


ehaoter Sunnmar 


12.1 Anatomy of the Heart 

• The heart wall eonsists primarily of the myocardium, a 
thiek layer of eardiae muscle tissue. It is lined internally 
by the thin endoeardinm and externally by the thin 
epieardinm. 

• The perieardial sae is eomposed of the parietal layer of 
the serous pericardium and fibrons perieardinm. The 
perieardial eavity is filled with perieardial fluid. 

• The heart eontains four ehambers. The superior ehambers 
are the left and right atria, which reeeive blood remrning 
to the heart. The inferior ehambers are the left and right 
ventrieles, which pump blood out of the heart. There are 
no openings between the atria or between the ventrieles. 

• Atrioventrienlar valves allow blood to flow between 
eaeh atrium and its eorresponding ventriele but prevent 
a backflow of blood. The mitral valve lies between the 
left atrium and left ventriele. The trienspid valve lies 
between the right atrium and right ventriele. 

Semilnnar valves allow blood to be pumped from the 
ventrieles into their assoeiated arteries but prevent a 
backflow of blood. The aortie valve is loeated in the base 
of the aorta. The pnlmonary valve is loeated in the base 
of the pnlmonary tmnk. 

• The right atrium reeeives deoxygenated blood from the 
snperior and inferior venae eavae and the eoronary sinus, 
and the left atrium reeeives oxygenated blood from the 
pnlmonary veins. 

• The right ventriele pumps deoxygenated blood into the 
pnlmonary tmnk, which divides into the left and right 
pnlmonary arteries, which lead to the lungs. At the same 
time, the left ventriele pumps oxygenated blood into 
the aorta, which leads to all parts of the body except the 
lungs. 

• The myoeardinm reeeives blood from the eoronary arteries, 
which braneh from the aseending aorta. Blood is remrned 
from the myoeardinm by the eardiae veins, which open 
into the eoronary sinus, which leads to the right atrium. 

12.2 Cardiac Cycle 

• The eardiae eyele includes both eontraetion (systole) and 
relaxation (diastole) phases. 


• During atrial diastole, blood retnrns to the atria and flows 
on into the ventrieles. Atrial systole forees more blood 
into the ventrieles to fill them. 

• During ventrienlar diastole, blood flows into the 
ventrieles. Ventrienlar systole pumps blood from the 
ventrieles into their assoeiated arteries. 

• The normal lub-dup heart sound is caused by the closure 
of the heart valves. The first sound resnlts from the 
elosnre of the atrioventrienlar valves. The seeond sound 
resnlts from the elosnre of the semilnnar valves. 

12.3 Heart Conduction System 

• The SA node is the paeemaker, which rhythmieally 
initiates impnlses that cause the heart eontraetions. 

• Impnlses pass throngh the atria, eansing atrial systole, 
and simultaneously reaeh the AV node. 

• Impnlses pass from the AV node along the AV bundle 
and bundle branehes to the ventrienlar fibers, which 
transmit the impnlses to the myocardium, causing 
ventrienlar systole. 

• An eleetroeardiogram is a reeording of the formation and 
transmission of impnlses throngh the heart eondnetion 
system. 

• An eleetroeardiogram eonsists of a P wave, a QRS 
complex, and a T wave, and it is used in the diagnosis 
of heart ailments. 

12.4 Regulation of Heart Function 

• Gardiae output is a measure of heart hmetion. It is 
determined by stroke volume and heart rate: 

eO = SV X HR 

• Gardiae output is regulated by faetors internal and 
external to the heart. 

• Heart rate and stroke volume are eontrolled by the 
antonomie nervons system. The eardiae eontrol eenter 
is in the mednlla oblongata. It reeeives sensory nerve 
impnlses from baroreeeptors and ehemoreeeptors, and is 
also affeeted by nerve impnlses from the eerebrnm and 
hypothalamns. 
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• Sympathetie axons release norepinephrine at heart 
synapses, which causes an inerease in the heart rate 
and eontraetion strength. Parasympathetie axons release 
aeetyleholine at heart synapses, which causes a deerease 
in heart rate. 

• The dynamie balanee in the frequency of sympathetie 
and parasympathetie nerve impnlses reaehing the heart 
adjnsts the heart rate and stroke volume to meet body 
needs. 

• Heart rate and stroke volume are also affeeted by age, sex, 
physieal eondition, temperamre, epinephrine, thyroid 

O —I— —I— 

hormones, and the blood eoneentration of Ca and K . 

12.5 Types of Blood Vessels 

• The three basie types of blood vessels are arteries, 
eapillaries, and veins. Large arteries and veins are 
formed of a snperfieial mniea externa of dense irregnlar 
eonneetive tissue, a middle tunica media of smooth 
muscle, and a deep mniea intima of endothelinm 
snpported by areolar eonneetive tissnes. 

• Arteries have thiek, muscular walls and earry blood 
from the heart. Large arteries divide repeatedly to form 
the smallest arteries, arterioles, which eonneet with 
eapillaries. 

• eapillaries are the smallest and most numerous blood 
vessels. They are eomposed of an endothelinm snpported 
by a layer of areolar eonneetive tissue. Their thin walls 
allow an exchange of materials between the blood and 
the interstitial fluid. Dissolved substances are exchanged 
by diffnsion. Fluid exits the arteriolar end of a eapillary 
beeanse blood pressnre is greater than osmotie pressnre, 
and it reenters at the vennlar end of the eapillary 
beeanse osmotie pressnre is greater than blood pressnre. 

• Veins have thinner walls than arteries and earry blood 
from eapillaries toward the heart. The smallest veins are 
vennles, which lead from eapillaries and merge to form 
small veins. Large veins eontain valves that prevent a 
backflow of blood. 

12.6 Blood Flow 

• Blood eirenlates from areas of higher pressnre to areas 
of lower pressnre. Blood pressnre is highest in the 
ventrieles and lowest in the atria. 

• Systemie blood pressnre deelines as blood is earried 
from the arteries throngh the eapillaries and throngh 
the veins. Skeletal muscle eontraetions and respiratory 
movements are important forees that aid the remrn of 
venous blood. 

• Blood veloeity varies inversely with the eross-seetional 
area of the eombined blood vessels. Blood veloeity is 
fastest in the aorta and slowest in the eapillaries. The 
veloeity progressively inereases as the blood flows from 
eapillaries to the larger veins. 

12.7 Blood Pressore 

• Optimal systolie blood pressnre is 115 mm Hg. Optimal 
diastolie blood pressnre is 75 mm Hg. 


• The differenee between systolie and diastolie pressnres 
is the pulse pressure. The pulse may be deteeted by 
palpating snperfieial arteries. 

• Blood pressnre is determined by three faetors: eardiae 
output, blood volume, and peripheral resistanee. 

• Peripheral resistanee is determined by vessel diameters, 
total vessel length, and blood viseosity. 

• The vasomotor eenter in the mednlla oblongata provides 
the antonomie eontrol of blood vessel diameter. In this 
way, the antonomie nervons system eontrols peripheral 
resistanee and blood pressnre. 

• Loeal autoregulation of arterioles overrides antonomie 
eontrol and regnlates blood flow in eapillaries aeeording 
to the needs of the loeal tissnes. 

12.8 Circulation Pathways 

• The pnlmonary eirenit earries blood from the heart to 
the lungs and baek again. 

• The systemie eirenit earries blood from the heart to all 
parts of the body, except the lungs, and baek again. 

12.9 Systemie Arteries 

• The aorta is divided into the aseending aorta, aortie areh, 
thoraeie aorta, and abdominal aorta. 

• The major braneh arteries of the aorta are the eoronary, 
braehioeephalie trunk, left eommon earotid, left sub- 
elavian, posterior intereostals, eeliae trunk, snperior 
mesenterie, renal, ovarian/testienlar, lumbar, inferior 
mesenterie, and eommon iliae arteries. 

• The major arteries snpplying the head and neek are 
paired arteries. Eaeh eommon earotid artery branehes 
to form the external and internal earotid arteries. The 
external earotid snpplies the neek, faee, and sealp. The 
internal earotid is the major artery snpplying the brain. 
The vertebral arteries supply the neek and brain. 

• Eaeh shonlder and upper limb is supplied by a subcla- 
vian artery, which beeomes the axillary artery, which 
beeomes the braehial artery of the arm. The braehial 
artery branehes to form the radial and ulnar arteries of 
the forearm. 

• Eaeh eommon iliae artery branehes to form internal 
and external iliae arteries. The external iliae enters the 
thigh to beeome the femoral artery, which beeomes the 
popliteal artery near the knee. The popliteal branehes 
inferior to the knee to form the anterior and posterior 
tibial arteries. 

12.10 Systemie Veins 

• Veins draining the head and neek are paired veins. On 
eaeh side, the external jugular and vertebral veins empty 
into the snbelavian vein. The internal jugular vein and 
snbelavian merge to form the braehioeephalie vein. The 
left and right braehioeephalie veins join to form the 
snperior vena eava. 

• The aseending lumbar veins and the posterior intereostal 
veins enter the azygos vein, which opens into the 
snperior vena eava. 
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• Radial and nlnar veins of the forearm join to form the 
braehial vein of the arm. The basilie vein joins the 
braehial vein to form the axillary vein, which, in mrn, 
reeeives the eephalie vein to form the snbelavian vein. 

• Anterior and posterior tibial veins merge inferior to 
the knee to form the popliteal vein. The popliteal vein 
reeeives the small saphenons and fibnlar veins to form 
the femoral vein. The great saphenons vein extends 
from the foot to join with the femoral vein near the 
hip, which forms the external iliae vein. The external 
iliae vein joins with the internal iliae vein to form the 
eommon iliae vein. The left and right eommon iliae veins 
merge to form the inferior vena eava. 

• The splenie vein reeeives the inferior mesenterie vein 
and the panereatie vein, and merges with the snperior 
mesenterie vein to form the hepatie portal vein. The 


gastrie vein drains into the hepatie portal vein. The 
hepatie portal vein empties into the liver sinnsoids. The 
hepatie vein earries blood from the liver to the inferior 
vena eava. 

• The right ovarian or testienlar vein and the paired renal 
veins empty into the inferior vena eava. The left ovarian 
or testienlar vein drains into the left renal vein. 

12.11 Disorders of the Heart and Blood 

Vessels 

• Disorders of the heart inelnde arrhythmia, eongestive 
heart failnre, heart mnrmnrs, myoeardial infaretion, and 
periearditis. 

• Disorders of blood vessels inelnde anenrysm, arterioselerosis, 
atheroselerosis, hypertension, phlebitis, and varieose veins. 


Self-Review 


Answers are loeated in appendix B. 

1. The membranons sae aronnd the heart is the_. 

2. The_is the heart ehamber reeeiving oxygenated 

blood from the Inngs. 

3. The_valve prevents a backflow of blood from the 

right ventriele into the_. 

4. Dnring_diastole blood fills the atria; dnring 

ventrienlar_blood is pnmped into arteries 

leading from the heart. 

5. The heartbeat originates in the_node: the 

_node relays impnlses along the AV bnndle and 

ventrienlar fibers to the ventrienlar myoeardinm. 

6. Nerve impnlses from_axons inerease the heart 

rate; nerve impnlses from the_axons deerease the 

heart rate. 

7. Blood is earried from the heart in_and remrned to 

the heart in_. 

8. Vessels with the thiekest walls are_; those with 

the thinnest walls are 


9. The exchange of materials between eapillary blood and 
interstitial flnid oeenrs by_and_. 

10. The heart ehambers and vessels in the pnlmonary eirenit 

are_ventriele, pnlmonary_, pnlmonary_ 

alveolar eapillaries, pnlmonary_,_atrinm. 

11. The arterial pathway of blood from the heart to the right 

side of the brain is aseending aorta, aortie areh,_, 

eommon earotid, and_. 

12. The arterial pathway of blood from the heart to the liver 

is aseending aorta, aortie areh,_aorta, abdominal 

aorta,_,_, and_. 

13. The venons pathway remrning blood from the digestive 

traet to the heart is_, liver_,_, and 

_vena eava. 

14. The venons pathway remrning blood from the posterior 

of the knee is_, femoral,_,_, and 

_vena eava. 

15. The venons pathway from the little finger to the heart is 

basilie,_,_,_, and_vena eava. 


Crìtìcal ThìnkìnR __ 

1. How do the heart valves keep blood flowing in one direetion? 

2. What faetors are involved in ereating blood pressnre? 

3. What enables the heart to ehange its rate and strength of eontraetion as needed? 

4. What is the advantage of the hepatie portal system? 

5. Why are there more snperfieial veins than snperfieial arteries? 
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Adele, a 32-year-old reeeptionist, woke up this 


morning not feeling well and, while watching 


the morning news, heard another report about 


a new strain of influenza sweeping aeross the 


country. Reeently, several contagious diseases 


have begun to circulate through the people in 


her offiee. She and her twelve coworkers share 


printers, a water eooler, and a small kitehen 


spaee. It is easy to pass a viral or baeterial 


infeetion to another person if you are not careful 


After suffering for almost two weeks with the 


flu last year, Adele was proaetive regarding 


her health this year. She went to the loeal 


pharmaey a few months ago and reeeived her 


flu and pneumonia vaeeinations. Thanks to the 


vaeeinations, her body now possesses defensive 


eells, ealled lymphoeytes, to defend her against 


both diseases if she encounters them. However, 


these new lymphoeytes will defend her against 


only the strains of flu and baeterial pneumonia in 


the vaeeinations. As she begins to shiver slightly 


from a fever that has begun to develop, she 


now hopes that she has not been exposed to a 


new strain of flu or baeterial pneumonia, against 


which she will have no defense. 
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SELEGTED KEY TERMS 


Allergen A foreign snbstanee that 
stimnlates an allergie reaetion. 
Antibody (anti = against) 

A protein prodneed by plasma eells 
in response to a speeifie antigen. 
Antigen A foreign snbstanee 
eapable of stimnlating the 
prodnetion of antibodies. 
eomplement A gronp of plasma 
proteins that destroy pathogens. 
Immnnity (immnn = free) 
Resistanee to speeifie antigens. 
immnnoeompetent (im-mu-no- 
kom'-pe-tent) Gapable of respond- 
ing to a foreign antigen. 


Inflammation (inflam = to set 
on fire) A loealized response to 
damaged or infeeted tissues that is 
eharaeterized by swelling, redness, 
pain, and heat. 

Lymph (lymph = elear water) 
The fluid eonneetive tissue trans- 
ported in lymphatie vessels. 
Lymph node A lymph-filtering 
seeondary lymphoid organ. 
Lymphatie vessel A vessel that 
transports lymph. 

Pathogen A disease-eansing 
organism or snbstanee. 


Primary lymphoid organ 

An organ where lymphoeytes 
beeome immnnoeompetent. 

Red bone marrow Primary 
lymphoid organ responsible for the 
prodnetion of all formed elements. 
Seeondary lymphoid organ 
An organ where immnnoeompetent 
lymphoeytes reside. 

Spleen The largest lymphoid 
organ. Stores formed elements and 
elears pathogens from the blood. 
Thymns Primary lymphoid organ 
responsible for T eell mamration. 


THE LYMPHOID (LYMPHATIO SYSTEM is elosely related 

to the eardiovasenlar system, both structurally and func- 
tionally (figure 13.1). A network of lymphatie vessels drains 
excess interstitial fluid (the approximate 10-15% that has 
not been remrned direetly to the blood eapillaries) and 



Figure 13.1 Lymphatie vessels transport fluid from 
interstitial spaees to the bloodstream. 


remrns it to the bloodstream in a one-way flow that moves 
slowly toward the snbelavian veins. Additionally, the lym- 
phatie vessels in the small intestine fnnetion in lipid absorp- 
tion and lymphoeytes aid in the bodys defense against 
pathogens (disease-eansing organisms or snbstanee). 

13.1 Lymph and Lymphatie 
Vessels 

Learning Objeetives 

1. Deseribe the formation of lymph. 

2. Deseribe the pathway of lymph in its return to the 
blood. 

3. Deseribe how lymph is propelled through lymphatie 
vessels. 

The lymphatie network of vessels begins with the miero- 
seopie lymphatie eapìllarìes. Lymphatie eapillaries are 
elosed-ended mbes that form vast networks in the intersti- 
tial spaees within most vasenlar tissnes (figure 13.2). Nota- 
bly, these eapillaries are not found in the CNS. Instead the 
CNS relies on the flow of CSF to removes excess fluid from 
nervous tissue. Because the walls of lymphatie eapillaries 
are eomposed of endothelial eells with unique junctions, 
interstitial fluid, proteins, and mieroorganisms ean easily 
enter the vessels but eannot leave and reenter the inter- 
stitial spaee. Onee fluid enters the lymphatie eapillaries, it 
beeomes a fluid eonneetive tissue referred to as lymph 
(limf). Adequate lymphatie drainage is needed to prevent 
the accumulation of interstitial fluid, a eondition ealled 
edema (è-de'mà). Additionally, within the villi of the small 
intestine, lymphatie eapillaries ealled laeteals (lak'te-alz) 
transport absorbed lipids and lipid-soluble vitamins away 
from the digestive traet. 
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Figure 13.2 Lymphatie eapillaries (green) are miero- 
seopie, elosed-ended tubes that begin in the interstitial 
spaees of most tissues. 


From merging lymphatie eapillaries, the lymph is 
earried into lymphatie vessels. These lymphatie vessels 
merge into even larger vessels ealled lymphatie tmnks 
that are named after large body regions (fignre 13.3). 
The walls of lymphatie vessels and trnnks are much like 
those of veins. They have the same three layers and also 
eontain valves to prevent backflow. The pressure that 
keeps the lymph moving eomes from the massaging 
aetion prodneed by skeletal muscle eontraetions, intes- 
tinal movements, respiratory pressnre ehanges (the same 
venous remrn meehanisms deseribed in ehapter 12), and 
from peristaltie eontraetions of some lymphatie vessels. 
intereonneeting lymphatie trunks evenmally empty into 
one of the two prineipal vessels: the thoraeie duct and 
the right lymphatie duct (figure 13.3). The larger tho- 
raeie duct drains lymph from the left thoraeie region, left 
upper limb, left side of the head and neek, and all areas 
inferior to the diaphragm. The thoraeie duct begins in the 
abdominal eavity as a saelike enlargement ealled the eis- 
terna ehyli (sis-ter'ná ki'le), which eolleets lymph from 
the lower limbs and the intestinal region. The thoraeie 
duct then aseends along the vertebral column and drains 
into the left snbelavian vein near the left internal jugu- 
lar vein. The smaller right lymphatie duct reeeives lymph 
from the right upper limb, right thoraeie region, and right 
side of the head and neek. The right lymphatie duct emp- 
ties into the right snbelavian vein near the right internal 
jugular vein (figure 13.3). 
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Edema is the swelling of loealized tissues due to 
the accumulation of excess interstitial fluid. It results 
from either too much fluid exiting the blood in eapil- 
laries or insufficient removal of fluid by lymphatie 
vessels. There are a variety of causes for edema. 
For example, a sedentary lifestyle, which leads to 
the breakdown of valves in lower limb veins, ean 
result in edema of the lower limbs. Also, removal of 
lymphatie vessels and lymph nodes during eaneer 
surgery often leads to edema of the affeeted area. 



eheek 



Understandinq 


1. What is lymph and how is it remrned to the 
blood? 

2. Why is the remrn of lymph to the blood 
important? 


13.2 Lymphoid Organs 

Learning Objeetive 

4. Deseribe the loeations and functions of the red bone 
marrow, thymus, lymph nodes, and spleen. 

Lymphoid strnemres ean be found throughout the body. 
While all lymphoid structures are eapable of lymphoeyte 
production, the red bone marrow and thymus are eon- 
sidered primary lymphoid organs beeanse all WBCs, 
espeeially lymphoeytes, originate in these organs. Afeer 
prodnetion in the red bone marrow most lymphoeytes 
and other immune eells go to seeondary lymphoid 
organs, such as the lymph nodes and spleen that beeome 
the sites of proliferation of lymphoeytes and immune 
responses. 

Red Bone Marronr 

Red bone marrow is hematopoietie (blood-forming) tis- 
sue found in the spongy bone of most of the axial skel- 
eton and the proximal epiphyses of the humerus and 
femur. As deseribed in ehapter 11, red bone marrow is 
the site of origin of all formed elements in the blood. 
Not all lymphoeytes formed in the red bone marrow are 
immnnoeompetent, eapable of reeognizing and attaek- 
ing foreign antigens, when they exit the marrow. To be 
immnnoeompetent, a lymphoeyte must be able to elieit 
an immune response. B eells, or B lymphoeytes, stay in 
the bone marrow until they are immnnoeompetent 
before moving on to seeondary lymphoid organs. Other 
lymphoeytes, however, must first move to the thymus for 
mamration before moving to seeondary lymphoid organs. 
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Figure 13.3 The lymphoid system shovving the prineipal lymph nodes and other lymphoid organs. Lymph from the 
right upper limb, the right side of the head and neek, and the right thoraeie region drains through the right lymphatie 
duct into the right subclavian vein. Lymph from the remainder of the body drains through the thoraeie duct into the left 
subclavian vein. (ÀPlRl 


Thymus 


The thymus is a sofe, bilobed gland loeated in the medi- 
astinnm snperior to the heart (fignre 13.3). It is large 
(40 g) in infants and ehildren, but after puberty it begins 
to atrophy and beeomes quite small (12 g) in adults. The 
thymus plays a key role in the development of the lym- 
phoid system before birth and during early ehildhood. 
Until the lymphoid system matnres at about two years 
of age, an infant is more snseeptible to disease than older 
ehildren. The major fnnetion of the thymus is the dif- 
ferentiation of a elass of lymphoeytes ealled T eells, or 
T lymphoeytes, into immnnoeompetent eells. The thymus 
produces hormones ealled thymosins that promote the 
differentiation and division of T eells, making them 


immnnoeompetent. After mamration, T eells are distrib- 
uted by the blood to seeondary lymphoid organs and 
lymphoid tissnes throughout the body. 

Lymph Nodes 

Lymph nodes usually occur in groups along the larger 
lymphatie vessels. They are widely distribnted in the body, 
but they do occur in large eolleetions in the ingninal, 
axillary, and eervieal regions of the body, as well as within 
the ventral eavity. There are no lymph nodes in the CNS. 

Structure of Lymph Nodes 

Lymph nodes are ronghly bean-shaped and 1.0 to 2.5 em 
in length. Figure 13.4 is a photograph of a lymph node 
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Figure 13.4 A lymph node and its assoeiated 
vessels. 

in sim that shows lymphatie vessels leading to and from 
the node. Fignre 13.5 shows the strnemre of a seetion 
of a lymph node. Note that the lymph node eonsists of 
a nnmber of small snbnnits ealled lymphoid nodules. 
The lymphoid nodnles are eolleetions of lymphoeytes and 
maerophages within retienlar tissne and are the sites of 
aetivation and proliferation of lymphoeytes. 

Lymph enters a lymph node throngh several 
afferem (af-er-ent) lymphatie vessels and flows throngh the 
lymphatie sinnses, which snrronnd the lymphoid nodnles. 
Lymph is eolleeted from the sinnses and enters efferent 
(ef-er-ent) lymphatie vessels, which earry lymph away 
from the lymph node. The indentation of the node where 
efferent lymphatie vessels emerge is ealled the hilam. 


Function of Lymph Nodes 

A major fnnetion of lymph nodes is the filtration and 
eleansing of the lymph as it passes throngh a node. They 
are the only lymphoid organs that filter the lymph. Dam- 
aged eells, eaneerons eells, eellnlar debris, baeteria, and 
virnses beeome trapped in the retienlar tissne of the 
lymph node and are destroyed by the aetion of lympho- 
eytes and maerophages. Lymphoeytes aet against ean- 
eerons eells and pathogens, such as baeteria and viruses. 
Maerophages engulf cellular debris, immobilized or dead 
baeteria, and virnses. 

Spleen 

The spleen is the largest lymphoid organ. It is loeated pos- 
terior to the stomaeh near the diaphragm in the left upper 
quadrant of the abdominopelvie eavity (see figure 13.3). 
The false ribs provide proteetion against physieal injury. 
The spleen is a soft, pnrplish organ 5 to 7 em (2-3 in) wide 
and 13 to 16 em (5-6 in) long. It eontains numerous een- 
ters for lymphoeyte proliferation and a large venous sinus 
filled with blood. 

The spleen resembles a large lymph node. Like 
lymph nodes, it is enveloped by a thin eapsnle of dense 
irregnlar eonneetive tissue and is snbdivided by retienlar 
tissue into many eompartments. The eompartments eon- 
tain two basie types of tissnes that are named for their 
appearanee in fresh, nnstained tissue. White palp eonsists 
of large nnmbers of lymphoeytes that elnster around tiny 
branehes of the splenie artery. This tissue is mostly eon- 
eerned with the immune fnnetions of the spleen. Red 
palp oeenpies the rest of a eompartment, surrounding the 
white pulp and the venous sinuses. It is a storage area for 
formed elements and a site where worn-out red blood eells 
and pathogens are removed from the blood (figure 13.6). 
Before birth, the spleen and liver are the major blood- 
forming organs, but this function is later taken over by 
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Figure 13.5 Internal Structure of a Lymph Node. 

(a) Cut away showing internal structure. (b) Photomierograph of a lymph node. 
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Figure 13.6 The Spleen. 

(o) The spleen is subdivided into eompartments by 
reticular tissue. (ò) A photomierograph of spleen tissue 
shovving vvhite pulp and red pulp. [AP|R1 


red bone marrovv. After birth, the spleen's role is related 
to both lymphoid and eardiovasenlar fnnetions: 

It eleanses and filters the blood much like lymph 
nodes eleanse lymph. Lymphoeytes and maero- 
phages destroy pathogens, and maerophages elean 
up the debris. 


It stores a reserve supply of RBCs and platelets, 
which ean be released into the blood in times of 
need, such as after a hemorrhage. 

It is a major site for RBC destruction and reeyeling 
as deseribed in ehapter 11. 

It is a major site of lymphoeyte aetivation and 
proliferation. 

In spite of these important fnnetions, the spleen is 
not essential for life. But foIIowing a spleneetomy, a person 
may be more snseeptible to potential pathogens and the 
effeets of hemorrhage. 

13.3 Lymphoid Tissues 

Learning Objeetive 

5. Deseribe the loeations and functions of the tonsils 
and mucosa assoeiated lymphoid tissues. 

The tonsils and mucosa assoeiated lymphoid tissues are not 
structurally organs; however, they fnnetion as seeondary 
lymphoid organs beeanse they are sites of immune 
responses. 


Tonsils 


Tonsils (ton'-sils) are elnsters of lymphoid tissue loeated 
just deep to the mucous membrane in the pharynx (fayr'- 
inks), or throat, and oral eavity. Like all lymphoid tissue, 
they eontain both lymphoeytes and maerophages to fight 
pathogens. Their fnnetion is to intereept and destroy 
pathogens that enter throngh the nose and mouth before 
they ean reaeh the blood. 

There are three kinds of tonsils that are strategieally 
loeated to earry out this function: 

1. The palatine tonsils are loeated bilaterally at the 
jnnetion of the oral eavity and the pharynx. 

2. The pharyngeal (fah-rin'-je-al) tonsil is loeated 
posterior to the nasal eavity in the snperior portion 
of the pharynx. This tonsil is eommonly ealled the 
adenoid. 

3. The lingnal (Iing'-gwal) tonsils are loeated on the 
base of the tongue in the posterior oral eavity. 

Tonsils are larger in young ehildren and play an 
important role in their defense against pathogens. Some- 
times the palatine tonsils and pharyngeal tonsil beeome 
so overloaded and swoIIen with pathogens, a eondition 
ealled tonsillitis, that they must be surgically removed by 
a tonsilleetomg. 


Mucosa Assoeiated Lymphoid Tissue 

Individual lymphoid noduIes, like those found within 
lymph nodes, are loeated throughout the body, espeeially 
in the areolar eonneetive tissnes of mucous membranes. 






























296 ehapter 13 Lymphoid System and Defenses Against Disease 


These eolleetions of numerous maerophages and lympho- 
eytes trapped in retienlar tissue provide additional barriers 
to invasion by pathogens. Large elnsters of many lymphoid 
nodnles loeated in the mucous membranes of the respira- 
tory, digestive, nrinary, and reprodnetive traets are referred 
to eolleetively as MALT (mucosa assoeìated lymphoid 
tissue). The appendix, an extension of the large intestine 
loeated in the right lower quadrant of the abdominopelvie 
eavity, is part of the MALT that helps eontrol baeterial 
growth in the large intestine. Table 13.1 ontlines the eom- 
ponents of the lymphoid system. 



eheek 



IJnderstanding 


3. What are the fnnetions of the red bone marrow, 
thymus, lymph nodes, spleen, tonsils, and MALT7 
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The spread of cancerous eells occurs when 
eells break away from the primary tumor and are 
earried to other sites via the lymphoid system 
or the blood. This proeess, ealled metostosìs 
(me-tas'-ta-sis), generates seeondary cancerous 
growths ealled metostoses wherever the ean- 
cerous eells lodge. Because metastatie eells 
are frequently earried in the lymph, seeondary 
cancerous growths often occur in lymph nodes 
on lymphatie vessels draining the region of the 
primary eaneer. Knowledge of the loeation of 
lymphatie vessels and lymph nodes, and the 
direetion of lymph flow, is important in the detee- 
tion and treatment of metastases. 


Table 13.1 Components of the Lymphoid System 


Gomponent 

eharaeteristies 

Function 

Lymphatìe Capìllarìes 

Mieroseopie elosed-ended tubes in interstitial 
spaees 

Golleet interstitial fluid from interstitial spaees; 
eolleet and transport dietary lipids and lipid- 
soluble vitamins; onee in a lymphatie eapillary, 
fluid is ealled lymph 

Lymphatìe Vessels 

Formed by merging of lymphatie eapillaries; 
structure similar to veins; eontain valves; 
merge to form lymphatie trunks that drain 
into either the right lymphatie duct or the 
thoraeie duct 

Transport lymph and empty it into the subclavian 
veins 

Lymphoìd Organs 


Sites of lymphoeyte production or proliferation, 
and immune responses 

Prìmory Lymphoìd Orgons 



Red Bone Marrow 

Loeated mostly in spongy bone of the 
skeleton 

Site of origination of all lymphoeytes 

Thymus 

Bilobed gland loeated superior to the heart; 
size deereases with age 

Site of T eells maturation; seeretes hormones 
ealled thymosins, which stimulate maturation of 

T eells 

Seeondory Lymphoìd Orgons 


Lymph nodes 

Small, bean-shaped organs arranged in 
groups along lymphatie vessels 

Sites of lymphoeyte proliferation; house T eells 
and B eells that are responsible for immunity; 
maerophages phagoeytose pathogens and 
cellular debris from lymph 

Spleen 

Large lymphoid organ eontaining venous 
sinuses 

RBC and platelet reservoir; maerophages 
phagoeytose pathogens, cellular debris, and 
worn formed elements from the blood; house 
lymphoeytes 

Lymphoìd Tìssaes 



Tonsils 

Masses of lymphoid tissue within the 
mucosae of pharynx and oral eavity 

Proteet against invasion of pathogens that are 
ingested or inhaled 

MALT (mucosa assoeiated 
lymphoid tissue) 

Masses of lymphoid tissue within the 
mucosae of respiratory, digestive, urinary, 
and reproductive traets 

Guards against pathogens that penetrate the 
epithelium of mucosa 
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13.4 Nonspeeìfie Resistanee 

Learning Objeetive 

6. Identify the eomponents of nonspeeifie resistanee. 

Nonspeeifie resistanee provides proteetion against all 
pathogens and foreign snbstanees, but it is not direeted 
against a speeifie pathogen. Nonspeeifie defense meeha- 
nisms include meehanieal barriers, ehemieal aetions, 
phagoeytosis, inflammation, and fever. 

Meehanieal Barriers 

The most obvions meehanieal barriers against pathogens 
are the skin and the mucous membranes. The elosely 
paeked epidermal eells of the skin make penetration by 
pathogens very diffienlt and the aeidie pH of the skin dis- 
eonrages baeterial growth. Mucous membranes are less 
effeetive barriers than the skin. However, they seerete 
mucus that entraps pathogens and airborne partieles 
and usually prevents their eontaet with the nnderlying 
membranes. The continuous flow of tears over the eyes, 
the production and swallowing of saliva, the movement 
of vaginal seeretions, and the passage of urine throngh 
the nrethra are examples of fluid meehanieal barriers 
that help to flush away pathogens before they ean attaek 
body tissnes. 

ehemieal Aetions 

Varions body ehemieals, inelnding eertain enzymes, pro- 
vide a nonspeeifie defense against pathogens. A few exam- 
ples will illnstrate the effeet of these ehemieals. 

Tears, saliva, nasal seeretions, and perspiration eon- 
tain the enzyme lysozyme, which destroys eertain types of 
baeteria and helps to proteet nnderlying tissnes. 

Mucus is continuously produced by epithelia lining 
the respiratory and digestive traets. Pathogens entering 
the nose and mouth tend to be trapped in the mucus 
on the snrfaee of the tonsils and are destroyed there. 
Pathogens the tonsils miss are swallowed at frequent 
intervals. Upon reaehing the stomaeh, most pathogens are 
destroyed by gastrie juice, either by its aeidie pH or by 
the enzyme pepsin. Pepsin aets by digesting the proteins 
eomposing the pathogens. 

Gells that are infeeted with a virus produce imerferon, 
a substance that stimnlates nninfeeted eells to synthesize 
speeial proteins that inhibit the replieation of virnses 
within them. In this way, the rapid growth of virnses may 
be inhibited. 

The blood eontains a group of plasma proteins known 
as eomplement, which are named beeanse their aetions 
eomplement the aetions of antibodies. Gomplement pro- 
teins ean bind to eertain pathogens initiating a ehain of 
events that leads to the destrnetion of the pathogen. The 


binding of eomplement is known as eomplement fixation. 
The fixed eomplement pnnehes holes in the pathogen's 
plasma membrane, eansing the eell to burst and the patho- 
gen to be destroyed. Subsequently, the resnlting debris is 
eleaned up by phagoeytes (neutrophils and maerophages). 
Gomplement proteins also enhanee phagoeytosis and 
inflammation. 

Phageeytosis 

Phagoeytosis (fag"-ò-si-tò'-sis) is the engnlfing and 
destrnetion (by digestion) of pathogens, damaged or 
eaneerons eells, and eellnlar debris by nentrophils and 
maerophages. When an infeetion occurs, neutrophils 
and monoeytes are quickly attraeted to the infeeted 
tissnes. Monoeytes entering the tissnes beeome trans- 
formed into maerophages, large eells that are espeeially 
aetive in phagoeytosis. 

Some maerophages wander among the tissnes, 
searehing out and phagoeytizing pathogens and eellnlar 
debris. Others beeome fixed (stationary) in partienlar loea- 
tions in the body, where they phagoeytize pathogens that 
are passing by. Fixed maerophages are espeeially abun- 
dant along the internal walls of blood and lymphatie ves- 
sels and in the spleen, lymph nodes, liver, and red bone 
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The most eommon pathogens affeeting humans 
are baeteria and viruses. Baeteria are very sma 
single-eelled organisms that laek a true nucleus 
and other complex cellular organelles. Their DNA 
is eoneentrated, but it is not enelosed in a nuclear 
envelope as in higher organisms. Baeteria are 
simple organisms but they have the neeessary 
metabolie maehinery required for life and repro- 
duction. Baeterial pathogens may cause disease 
by releasing toxins (poisons), releasing enzymes 
that damage eells, or entering and destroying eells. 
Antibioties are effeetive in treating most baeterial 
infeetions. 

In eontrast, a virus is eomposed of nucleic 
aeids, either DNA or RNA, enveloped by a protein 
eoat. Viruses are thousands of times smaller than 
baeteria. A virus attaehes to a eell’s surface reeep- 
tor and penetrates into the eell. Onee inside, it 
takes over the eell’s DNA and metabolie maehin- 
ery, causing the eell to replieate hundreds or thou- 
sands of viruses, which burst forth as the eell is 
destroyed. The released viruses then move on to 
attaek other eells. Antibioties are not effeetive in 
treating viral infeetions. 
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marrow. The wandering and fixed maerophages eompose 

the tissue maerophage system, which plays a major 
role in the destrnetion of potential pathogens. 

Inflammation 

Inflammatìon is a loealized response to infeetion or 
injnry that promotes the destrnetion of pathogens and 
the healing proeess. It is eharaeterized by redness, pain, 
heat, and swelling of the affeeted tissnes. 

When injnry or infeetion oeenrs, several meehanisms 
prodnee ehemieals, such as eomplement proteins and his- 
tamine, that cause dilation of the arterioles and inerease 
the permeability of blood eapillaries in the affeeted area. 
The inereased blood flow to the loeal area prodnees red- 
ness and heat. The inereased movement of fluids out of 
the blood eapillaries produces swelling (edema) of the tis- 
sues. Pain resnlts from irritation of noeieeptors by patho- 
gens, swelling, or ehemieals released by infeeted eells. 

Some of the ehemieals of the inflammatory response 
attraet WBCs to the affeeted area. In baeterial infeetions, 
nentrophils and maerophages aetively phagoeytize the 
pathogens and damaged eells. The accumulated mass of 
living and dead WBCs, tissue eells, and baeteria may form 
a thiek, whitish fluid ealled pus. 

Fluids from blood eapillaries that enter the affeeted 
area eontain both fibrinogen and fibroblasts. Fibrino- 
gen may be eonverted into fibrin to form a elot that is 


subsequently penetrated and enveloped by fibers formed 
by the fibroblasts. This aetion tends to seal off the infeeted 
area and prevent the spread of pathogens to neighboring 
tissnes. 

The eontinned aetion of WBCs usually brings the 
infeetion under eontrol. Then, the dead pathogens and 
eells are eleaned up by phagoeytes, and new eells are pro- 
duced by eell division to repair any damage to the tissnes. 

Fever 

Fever is a high body temperamre that aeeompanies 
infeetions and is a normal part of the immune response. It 
serves a useful purpose as long as the body temperamre 
does not get too high. The inereased body tempera- 
mre inhibits growth of eertain pathogens and inereases 
the rate of body proeesses, inelnding those that fight 
infeetion. 

Table 13.2 snmmarizes the major eomponents of 
nonspeeifie resistanee. 



eheek 



Understandinq 


4. What is the method of aetion of meehanieal 
barriers, ehemieal aetions, phagoeytosis, 
inflammation, and fever? 


J 


Table 13.2 Summary of Major Components of Nonspeeifie Resistanee 


Gomponent 

Function 

Meehanìeal Barrìers 

intaet skin 

eiosely paeked eells and multiple eell layers prevent entranee of pathogens 

intaet inucous membranes 

eiosely arranged eells retard entranee of pathogens; not as effeetive as intaet skin 

Mucus 

Traps pathogens in digestive, respiratory, urinary, and reproductive traets 

Saliva 

VVashes pathogens from oral surfaces 

Tears 

VVash pathogens from surface of eye 

Urine 

VVashes pathogens from urethra 

Vaginal seeretions 

VVash pathogens from vaginal eanal 

ehemìeal Aetìons 

Aeidie pH of skin 

Retards grovvth of many baeteria 

Gastrie juice 

Kills pathogens that are svvallovved 

Interferon 

Helps to prevent viral infeetions 

Lysozyme 

Antimierobial enzyme in nasal seeretions, perspiration, saliva, and tears that kills some pathogens 

eomplement 

Group of plasma proteins that enhanee inflammation and phagoeytosis. Also cause direet death 

Other Meehanìsms 

Fever 

of pathogens by puncturing plasma membranes. 

Speeds up body proeesses and inhibits grovvth of pathogens 

Inflammation 

Promotes nonspeeifie resistanee; eonfines infeetion; attraets VVBGs 

Phagoeytosis 

Phagoeytes engulf and destroy pathogens 
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13.5 lmmunity 

Learning Objeetives 

7. Compare nonspeeifie resistanee and speeifie resistanee. 

8. Explain the meehanism of eell-mediated immunity. 

9. Explain the meehanism of antibody-mediated immunity. 

In eontrast to nonspeeifie resistanee, immunity (i-mn'- 
ni-té), or speeifie resistanee, is direeted at speeifie antigens. 
An immnne response involves the prodnetion of speeifie 
eells and snbstanees to attaek a speeifie antigen. Immu- 
nity has ''memory,'' that is, if the same pathogen should 
reenter the body at a later date, the immune response 
is quicker and stronger than during the first eneonnter. 
Lymphoeytes play several important roles in immnnity. 

An immune response involves one or both of two dis- 
tinet proeesses: eell-mediated immunity and antibody- 
mediated immnnity (figure 13.7). 

Speeialization of Lymphoeytes 

During fetal development all formed elements are initially 
prodneed by the yolk sae. Later in fetal development the 





T eells aetivated and 
phagoeytosis stimulated 


B eells aetivated to 
beeome antibody-producing 

plasma eells 




Direet attaek against 


indireet attaek by 

foreign antigens by 


producing antibodies 

ehemieal and 


that bind 

physieal means 


foreign antigens 




Destroy intracellular 
pathogens and foreign 
and diseased eells 


Bind extracellular 
pathogens for destruction 
by phagoeytosis and 
other means 


liver and spleen take over the prodnetion of formed ele- 
ments. Around the time of birth the red bone marrow 
takes over the prodnetion of most formed elements, includ- 
ing lymphoeytes. However, lymphoeytes must mature 
and beeome speeialized within primary lymphoid organs 
before they ean partieipate in immnnity. About half of 
the unspecialized lymphoeytes pass to the thymus, where 
they beeome immunocompetent T eells. The other half of 
the lymphoeytes beeome speeialized in the bone marrow 
to beeome immnnoeompetent B eells. T and B eells are 
earried by blood to seeondary lymphoid organs, such as 
the lymph nodes, spleen, and tonsils, where they prolifer- 
ate to form large popnlations of T and B eells, and some are 
released into the blood. About 75% of circulating lympho- 
eytes are T eells, and about 25% are B eells (figure 13.8). 

Reeognizing Pathogens 

All eells, including human eells, have snrfaee reeognition 
moleenles ealled antigens. (Reeall that antigens are used 
in typing blood.) In faet, the eells of eaeh person have a 
unique set of antigens. Antigens are usually large mol- 
ecules, such as proteins and glyeoproteins. 

During the speeialization proeess, lymphoeytes 'learn'' 
to distingnish "'selP antigens from ''nonself,'' or foreign, anti- 
gens. Thereafter, lymphoeytes ean reeognize an invading 
pathogen or self eells with abnormal antigens, such as ean- 
cerous eells and eells infeeted by a virus, and launch an 
attaek. Unfortunately, lymphoeytes also reeognize a trans- 
planted organ as foreign, as in graft rejeetion, and in some 
eases fail to reeognize eertain body tissnes as "'selP and 
attaek the bodys own tissnes, as in autoimmune diseases. 

The mamration proeess prodnees thonsands (and 
perhaps millions) of different kinds of T and B eells, eaeh 
with speeifie reeeptors eapable of binding with (reeogniz- 
ing) a speeifie antigen. Therefore, when an antigen of a 
pathogen or foreign eell enters the body, only the T or B 
eells that have a reeeptor that ean bind with the speeifie 
antigen are involved in the immune response. Table 13.3 
snmmarizes the roles of B and T eells in immnnity. 

Cell-Medialed lmmunity 

In eell-mediated (eellnlar) immnnity, T eells direetly attaek 
and destroy foreign eells or diseased body eells, such as ean- 
cerous eells, and develop a memory of their antigens in ease 
they should reappear in the future. Cell-mediated immu- 
nity also destroys imraeelMar pathogens, espeeially virnses. 

A eell-mediated immune response begins when an 
antigen-presenting eell (APC), often a maerophage, 
engnlfs a foreign (nonself) antigen and displays the antigen, 
in eombination with its own self proteins, on its plasma 
membrane. When a T eell, which has been programmed 
during mamration to reeognize this partienlar antigen, 
binds to the antigen and the APC self proteins, it beeomes 
aetivated. The aetivated T eell nndergoes repeated mitotie 


Figure 13.7 Overview of lmmunity. 
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Red bone 
marrovv 


1 Stem eells in red bone 
marrovv give rise to 
undifferentiated 
lymphoeytes. 



transport 



Thymus 


2 Some undifferentiated 
lymphoeytes mature in 
the thymus to beeome 
immunocompetent T eells 



transport 


Teell 
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3 Some undifferentiated 
lymphoeytes mature 
vvithin the bone marrovv 
to beeome immunocompetent 
B eells. 


4 Both immunocompetent 
T and B eells are transported 
through the blood to seeondary 
lymphoid organs, such as the 
lymph nodes and spleen. 


Figure 13.8 Differentiation of T Cells and B Cells. 


Table 13.3 Roles of B Cells and T Cells in an lmmune Response 


Cell 

B eells 

Plasma eells 
Memory B eells 

Helper T eells 

Cytotoxic T eells 

Memory T eells 


Function 

When aetivated, produce a elone of plasma eells and memory B eells that have the same antigen reeeptors 
as the aetivated parent B eell 

Produce speeifie antibodies against the antigen that aetivated the parent B eell 

Dormant eells that are aetivated if an antigen that fits their antigen reeeptors reenters the body; launch a 
seeondary immune response 

When aetivated, start an immune response by releasing eytokines, vvhieh aetivate B eells, promote elone for- 
mation by B and T eells, and stimulate phagoeytosis; form a elone of aetive helper T eells and memory T eells 

When aetivated, form a elone of cytotoxic T eells and memory T eells programmed to bind to the same anti- 
gen that aetivated the parent cytotoxic T eell; kill eells possessing the targeted antigen vvith toxic ehemieals 

Dormant eells that are aetivated if an antigen that fits their antigen reeeptors reenters the body; launch a 
seeondary immune response 


divisions to form a elone of identieal T eells eapable of 
binding with the same antigen that aetivated the parent T 
eell (fignre 13.9). 

If the aetivated T eell is a helper T eell (Th), it 
prodnees a elone eonsisting mostly of aetive T^ eells along 
with some memory T eells (Tjyi) eapable of binding with 


the same antigen as the aetivated parent T eell. When 
aetive Th eells bind with the antigen, they seerete eytokines 
(ehemieals) that (1) attraet nentrophils and maerophages 
to the site and stimnlate their phagoeytie aetivity, and 
(2) stimnlate mitotie division and immnne responses of 
aetivated B and cytotoxic T eells. 
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1. Antigen reeognition 

T eell binds to nonself antigen and 
self proteins of APC and beeomes 
aetivated. 


2. eione formation 

Aetivated T eell undergoes repeated 
mitotie division producing a elone 
of identieal T eells. 


3. Aetion of elone eells 

Tq eells bind to eells displaying the 
targeted antigen and injeet 
ehemieals to destroy them. 


APC 




\ 


\ 




Self proteins 


Antigen 


TeorT 


H 



Th eells bind to antigen and self proteins 
on APC, beeome aetivated, and 
release eytokines, vvhieh promote 
aetivity of B and Tq eells, inflammation, 
and phagoeytosis by neutrophils and 
maerophages. 

Tm eells launch a seeondary response 
if the targeted antigen reappears. 



Foreign or 
diseased eell 



eytokines 


Figure 13.9 T Cell Aetivation and Cell-Mediated Immnnity. 

(APC = antigen presenting eell; T^ = helper T eell; T^ = cytotoxic T eell; Tm = 


memory T ee 



[ÀPIR] 


If the aetivated T eell is a cytotoxic T eell (Tc), it 
produces a elone eonsisting mostly of aetive eells along 
with some Tm- When an aetive Tq eell binds to any eell 
displaying the targeted antigen, it releases a lethal dose of 
ehemieals to kill the eell. It then detaehes and searehes 
out and destroys other eells with the same antigen. 

As more and more aetive T eells proliferate and the 
pathogen is eliminated, the immune response sIows and 
stops. The long-Iived T^ eells remain to Iaunch a quicker 
and stronger attaek if the targeted antigen shouId reappear. 

Antibody-Mediated Immonity 

Antibody-mediated (hnmoral) immnnity involves both B 
eells and T^ eells. It provides a defense against extracellular 
pathogens. Rather than direetly attaeking foreign antigens, 
it involves the prodnetion of antìbodìes (proteins) that 
bind to foreign antigens tagging them for destrnetion by 
other means. 

An antibody-mediated immune response begins 
when foreign antigens bind to reeeptors of a B eell. The 


B eell engnlfs the antigens and displays the antigen on its 
plasma membrane along with its own self antigens. When 
a Th eell, which has been programmed to reeognize this 
antigen, binds to this nonself antigen and self protein 
compIex, the T^ eell seeretes eytokines that aetivate the 
B eell. The aetivated B eell prodnees a elone of identi- 
eal B eells programmed against the same antigen. Most of 
the B eells in the elone beeome plasma eells but some 
beeome memory B eells (figure 13.10). 

Plasma eells rapidly produce and release antibodies 
eapable of binding with the targeted antigen. Antibodies 
eirenlate throughout the body in blood and other body 
fluids binding to the nonself antigens so they are more eas- 
ily destroyed by phagoeytosis and other means. After the 
pathogen has been destroyed, antibodies remain to provide 
proteetion. If the targeted antigen reenters the body, mem- 
ory B eells Iaunch an even quicker and stronger attaek. 

Antibodies do not destroy pathogens direetly. 
Instead, they bind to the antigens, forming antigen- 
antibodg complexes that tag pathogens for destrnetion by 
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1. Antigen reeognition 

Antigen binds to reeeptors of B eells 
programmed for this antigen. 


2. B eell aetivation 



B eell engulfs antigen and displays 
part of antigen with self protein on 
plasma membrane. HelperT eell, 
programmed for this antigen, binds 
to the antigen and self protein and 
seeretes eytokines, which aetivate 
the B eell. 


Beell 



Helper T eell 
Antigen 

Self protein 
Gytokines 


3. eione formation 

Aetivated B eell divides repeatedly 
producing a elone of identieal B eells 
programmed for this antigen. 



4. Differentiation 

Most elone eells beeome plasma eells 
Some beeome memory B eells. 




5. Aetion 



Plasma eells produce and release 
antibodies that ean bind to this antigen, 
tagging it for destruction by other means. 
Dormant memory B eells launch an 
attaek against the antigen if it should 
later reappear. 



Plasma eells 

I 

H V V 

> -H P- y 


Memory 

Beell 


Antibodies 


Figure 13.10 B Cell Aetivation and Antibody-Mediated Immnnity. lÀPlR] 


other means. For example, an antigen-antibody complex 
involving baeteria or other cellular pathogens ereates a 
site for binding eomplement, aetivating the same aetions 
as deseribed earlier in the nonspeeifie defenses seetion. 

Antibodies neutralize baeterial toxins by binding to 
the antigens, which prevents the toxins from attaehing to 
reeeptors of body eells. Body eells eseape damage because 
the toxins eannot enter the eells. Subsequently, the 
antigen-antibody complexes are engulfed and destroyed 
by maerophages eosinophils, and neutrophils. 

Antibodies are proteins known as globulins, so another 
name for antibodies is immunoglobulins, which have 
a shorthand designation, Ig. The structure of an antibody 
determines its elassifieation and eaeh elass plays a speeial 
role in antibody-mediated immunity. The amount of eaeh 
type and their speeifie functions are listed in table 13.4. 



eheek 



IJnderstanding 


5. What is immunity? 

6. How is an immune reaetion started? 



J 


13.6 lmmune Responses mb 


Learning Objeetives 

10. Compare primary and seeondary immune responses. 

11. Explain the basis of vaeeination. 


When an antigen is encountered for the first time, it 
stimulates T eells and B eells to beeome aetivated and 
proliferate, producing elones that attaek and destroy the 
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Table 13.4 dasses of Antibodies 


eiass 

Loeation 

Functions 

IgG (75%) 

Plasma 

Provides long-term immunity follovving vaeeination or reeovery 
from infeetion; erosses plaeenta to provide passive immunity for 
nevvborn infant; most important in fixing eomplement 

IgA (15%) 

Saliva, tears, mucus, breast milk, plasma 

Proteets mucous membranes from pathogens; provides passive 
immunity for breast-fed infants 

IgM (10%) 

B eells, plasma 

Released from B eells and agglutinates antigens 

IgD (0.2%) 

B eells 

Serves as a reeeptor on B eells 

IgE (0.02%) 

Binds to mast eells and basophils 

Triggers allergie reaetions by causing release of histamine vvhen 
it binds vvith allergen 


invading antigen. This is the primary immane response, and 
it also prodnees memory eells that are able to reeognize 
the same antigen if it shonld reenter the body. If another 
invasion of the same antigen oeenrs at a later date, the 
memory T eells and memory B eells reeognize it and 
lanneh a seeondary immane response, which is more rapid 
and intense than the primary immnne response. A seeond- 
ary immnne response oeenrs eaeh time the same antigen 
is deteeted by the memory eells. Fignre 13.11 shows that 
the eoneentration of antibodies in the seeondary immnne 
response is much higher than in the primary response. 

Types of lmmunity 

There is more than one way for a person to develop immu- 
nity to a partienlar pathogen, and these meehanisms may 
be gronped into two broad eategories: aetive immnnity 
and passive immnnity. A person is direetly involved in the 
development of aetive immunity but not in passive 



0 10 20 30 40 


Days after exposure to antigen 


Figure 13.11 Antibodies are prodoeed more rapidly and 
at a higher eoneentration during a seeondary immune 
response. 


immunity. Aetive immnnity is acquired through the use 
of a person's immune response, which leads to the devel- 
opment of memory eells. Passive immnnity is acquired 
without the aetivation of a person's immune response, and 
therefore there is no memory. Fnrther, immnnity ean be 
acquired namrally or, in some eases, artifieially, throngh 
medieal intervention. 

Natarally aeyaired aetive immanity resnlts after a 
person is exposed to a pathogen, gets siek, and reeovers, 
leaving antibodies and memory B and T eells to fight the 
pathogen via a seeondary immune response if it reenters 
the body. 

Artifieially aeyaired aetive immanity resnlts after a 
person reeeives a vaeeine (vak-sènO of weakened, dead, or 
inaetivated pathogens or their antigenie parts, which trig- 
ger a primary immune response, leaving antibodies and 
memory B and T eells to fight the pathogen if it reenters 
the body. Booster shots may be used to trigger a seeond- 
ary immune response to build up the eoneentration of 
antibodies even higher. 

Natarally aeyaired passive immanity occurs in infants 
who have reeeived maternal IgG via the plaeenta and IgA 
in breast milk. Antibodies from breast milk are an impor- 
tant aspeet of defense in newborn infants. 

Artifieially aeyaired passive immanity resnlts from 
reeeiving injeetions of antibodies prodneed in another 
person, an animal, or synthetieally. This type of injeetion, 
ealled antiseram, is used in emergeney simations when the 
pathogen (usually a toxin) aets too severely and quickly 
to wait for namral immnnity to aet. See table 13.5 for a 
snmmary of types of immnnity. 



eheek 



IJnderstanding 



7. Why are helper T eells so important to immnnity? 

8. How does a vaeeination provide immnnity 
against disease? 

V___ J 
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Table 13.5 Types of lmmunity 


Type 

Meehanism 

Result 

Naturally acquired aetive immanity 

infeetion by live pathogens 

Person is ill vvith the disease; immune 
response destroys pathogens and leaves 
memory T and B eells to prevent later 
infeetion 

Artifieially acquired aetive immunity 

Reeeives vaeeine of vveakened, 
dead, or inaetivated pathogens 
or their antigenie parts 

lmmune response occurs vvithout the person 
beeoming ill; memory T and B eells remain to 
prevent later infeetion 

Naturally acquired passive immunity 

Antibodies passed from mother 
to fetus in utero or to nevvborn via 

breast milk 

Enables short-term immunity for nevvborn 
infant vvithout stimulating an immune 
response 

Artifieially acquired passive immunity 

Reeeives injeetion of antibodies 
against a speeifie antigen 

Enables short-term immunity vvithout 
stimulating an immune response 


13.7 Rejeetion of Organ 
Transplants 

Learning Objeetive 

12. Explain how rejeetion of a transplanted organ 
occurs. 

Organ transplants are viable treatment options for persons 
with terminal disease of eertain organs such as the heart, 
kidneys, and liver. Except for the surgery, the major prob- 
lem encountered is that the patienDs lymphoid system 
reeognizes the transplanted organ as foreign and lannehes 
an attaek against it. The problem is redneed by earefnlly 
determining eompatibility of the tissnes of both donor 
and reeipient. This is usually done by eomparing the anti- 
gens on the snrfaees of lenkoeytes, ealled the haman leu- 
koeyte antigens (HLAs) gronp A, of donor and reeipient. A 
mateh does not have to be 100% to make a transplant, 
but the eloser to 100%, the better ehanee of avoiding 
rejeetion. 

To overeome the normal immune response and 
organ rejeetion, immunosuppressive therapy is adminis- 
tered following transplant snrgery. The lymphoid system 
must be suppressed sufficiently to prevent rejeetion of 
the organ but not enough to eliminate immnnity against 
pathogens. Aehieving this delieate balanee has been 
aided by the use of egelosporine, a seleetive immunosup- 
pressive drug derived from fungi. Cyclosporine inhibits T 
eell fnnetions but has minimal effeets on B eells. Beeanse 
T eells are primarily responsible for organ rejeetion, 
rejeetion is minimized, and B eells are able to provide 
antibody-mediated immnnity against pathogens. In spite 
of advanees in immunosuppressive therapy, baeterial and 
viral infeetions are the primary causes of death among 
organ transplant reeipients. lmmunosuppression also 
inereases the risk of eaneer. 


13.8 Disorders of the Lymphoid 
System 

Learning Objeetive 

13. Deseribe the eommon disorders of the lymphoid 
system. 

lnfectious Disorders 

Acquired immunodeficiency syndrome (AIDS) is 

a viral disease that is approaehing epidemie propor- 
tions. It is caused by the haman immanodefieieneg 
viras (HIV), which attaeks and kills helper T eells and 
invades maerophages, which serve as a reservoir for 
the virus. In time, the immune defenses of the vietim 
are greatly redneed, and the patient beeomes suscep- 
tible to oppormnistie diseases that nltimately lead to 
death. These seeondary diseases inelnde pnenmonia 
caused by Pneamoegstis earinii and a eaneer known as 
Kaposi sareoma, disorders that are rarely eneonntered 
except in AIDS patients. At present, there is no cure 
for AIDS, although major researeh efforts have pro- 
vided drugs to slow its progress. 

Although HIV has been found in most body flu- 
ids, it appears that sufficient HIV eoneentrations for 
transmission to other persons are not present in tears 
or saliva. Transmission does not occur through rou- 
tine, nonintimate eontaet; instead, it primarily occurs 
through blood exchanges and sexual intercourse. Trans- 
mission occurs through exchanges of blood, most eom- 
monly by the use of eontaminated hypodermie needles 
and by exposure of open wounds or mucous membranes 
to infeeted blood. Vaginal fluids and semen of infeeted 
persons are effeetive transmitting agents in sexual inter- 
course. Also, infeeted mothers may transmit HIV to 
infants during ehildbirth. 
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Elephantìasìs (el-e-fan-tì '-ah-sis) is a ehronie eondi- 
tion eharaeterized by greatly swollen (edematons) lower 
limbs or other body parts, which beeome ''elephantlike'' 
in appearanee. This oeenrs beeanse the lymphatie ves- 
sels are bloeked by masses of mieroseopie roundworms, 
which causes fluid to accumulate excessively in the 
tissnes drained by the plngged lymphatie vessels. The 
mieroseopie worms are transmitted by the bites of eertain 
speeies of mosquitoes found in tropieal regions. 

Tonsilitis is the inflammation of the tonsils. It usu- 
ally results from baeterial infeetions that cause the tonsils 
to beeome sore and swollen. If this eondition beeomes 
ehronie and interferes with breathing or swallowing, or 
beeomes a persistent foeal point for spreading infeetions, 
the tonsils may be snrgieally removed. Tonsilleetomies 
are much less eommon now that effeetive antibioties 
are available and the role of tonsils in immnnity is better 
nnderstood. 

Lymphadenitis (lim-fad-en-ahy'-tes) is inflamma- 
tion of the lymph nodes. It is a eommon eomplieation 
of baeterial infeetions and is often deseribed as ''swollen 
glands.'' Doetors often feel the eervieal region for swollen 
lymph nodes to see if they are inflamed due to fighting 
an infeetion in the head or neek, which drains into the 
eervieal lymph nodes. 

A severely swollen lymph node is ealled a babo. 
Buboes are named after the eharaeteristie swelling of the 
ingninal and axillary lymph nodes in individnals infeeted 
with the bnbonie plague, a baeterial infeetion of the lym- 
phoid system that eontribnted to the Blaek Death. The 
Blaek Death is the largest known pandemie (large infee- 
tious outbreak), which killed about half of the population 
of Europe (estimated at up to 200 million people world- 
wide) from 1347 to 1351. 

Noninfectieus Diserders 

Allergy (ar-er-jé), or hypersensitivity, refers to an abnor- 
mally intense immune response to an antigen that is harm- 
less to most people. Such antigens are ealled allergens to 
distingnish them from antigens assoeiated with disease. 
Onee a person is sensitized to an allergen, an allergie reae- 
tion resnlts whenever subsequent exposure to that aller- 
gen occurs. Allergie reaetions may be either immediate 
or delayed. 

Immediate reaetions result when allergens bind with 
IgE on the snrfaee of mast eells. This interaetion causes 
these eells to seerete substances-such as histamine-that 
stimnlate an inflammatory response. Immediate aller- 
gie reaetions may be either loealized or systemie (whole 
body). Loealized reaetions, such as hay fever, hives, allergy- 
based asthma, and digestive disorders, are nnpleasant but 
rarely life threatening. In eontrast, systemie allergie reae- 
tions, also known as anaphylaxis (an-ah-fi-lak'-sis), are often 
life threatening. They quickly impair breathing and may 


cause circulatory failure due to a sudden drop in blood 
pressnre as blood vessels dilate and fluid moves into the 
tissnes. Allergie reaetions to penieillin and bee stings ean 
cause systemie allergie responses. 

Delayed alleryie reaetions appear one to three days 
after exposure to the antigen. Delayed allergie reaetions 
result from eytokines released by T eells. The dermatitis 
that occurs following eontaet with poison ivy and some 
eosmetie ehemieals is a eommon delayed allergie reaetion. 

Autoimmune dìseases result when T and B eells, 
for unknown reasons, reeognize eertain body tissnes as 
foreign antigens and prodnee an immune response against 
them. This problem may result because eertain body 
moleenles have ehanged slightly and are no longer ree- 
ognizable as self. Some of the most eommon autoimmune 
diseases are 

• rheamatoid arthritis (RA), which destroys joints; 
type I diabetes, which destroys beta eells in the 
panereas; 

maltiple selerosis (MS), which destroys the myelin 
sheath in the CNS; 

Graves disease, which stimnlates the thyroid gland to 
prodnee excessive amonnts of thyroid hormones; 
myasthenia yravis, which impairs nerve impnlse 
transmission at neuromuscular junctions; and 
Hashimoto disease, which destroys the thyroid 
gland, ereating hypothyroidism. It is the most eom- 
mon cause of hypothyroidism in the IJnited States. 

Lymphoma (lim-fò'-mah) is a general term refer- 
ring to any tumor of lymphoid tissue. There are several 
types of lymphomas. One type of malignant lymphoma 
is Hodykin lymphoma, which is eaneer of lymphoid tissue 
involving the prodnetion of B eells. It is eharaeterized by 
lymphadenitis, fatigne, and sometimes fever and night 
sweats. Early treatment with ehemotherapy or radiation 
yields a high cure rate. 

Severe eombined immunodeficiency (SCID) 

is a group of disorders resulting from several different 
genetie defeets. They are eharaeterized by a marked defieit 
or absenee of both T eells and B eells. Thus, the lymphoid 
system of affeeted individuals is basieally nonfunctional. 
Infants have little or no proteetion against pathogens and 
usually die within a year without treatment. Transplants 
of normal stem eells from red bone marrow or nmbilieal 
eord blood have proved to be successful in some eases, 
and gene therapy trials look promising for treating this 
devastating disease. 



eheek 



IJnderstanding 


9. What is so serions about the AIDS virus 
destroying helper T eells? 

10. What is the cause of autoimmune diseases? 

V___ 
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ehapter Smnmary 


13.1 Lymph and Lymphatie Vessels 

• As interstitial flnid aeenmnlates in interstitial spaees, it 
is pieked up by lymphatie eapillaries. Onee the fluid is 
within a lymphatie vessel, it is ealled lymph. 

• Lymph is earried by lymphatie vessels and is nltimately 
remrned to the blood. Lymphatie vessels eontain valves 
that keep the lymph moving in one direetion. 

• Lymphatie vessels merge to form lymphatie tmnks, 
which drain major regions of the body. Lymphatie tmnks 
nltimately join one of two eolleeting ducts. 

• The right lymphatie duct reeeives lymphatie trunks that 
drain the snperior right portion of the body; it empties 
into the right snbelavian vein. 

• The thoraeie duct reeeives lymphatie trunks from the 
rest of the body; it empties into the left snbelavian vein. 

• The propnlsive forees that move lymph throngh the 
vessels are skeletal muscle eontraetions, intestinal 
movements, respiratory pressnre ehanges (the same 
venous remrn meehanisms deseribed in ehapter 12), 
and peristaltie eontraetions of some lymphatie vessels. 

13.2 Lymphoid Organs 

• Lymphoid organs inelnde red bone marrow, the thymus, 
lymph nodes, and the spleen. 

• Primary lymphoid organs are sites of lymphoeyte 
prodnetion. 

• Seeondary lymphoid organs are sites of lymphoeyte 
proliferation and immune responses. 

• Red bone marrow is the site of origination for all 
lymphoeytes. 

• B eells beeome immnnoeompetent in the red bone 
marrow, but T eells migrate to the thymus to beeome 
immunocompetent. 

• immnnoeompetenee is the ability to reeognize and 
respond to foreign antigens. 

• The thymus is loeated superior to the heart within the 
mediastinnm. 

• Lymph nodes are lymphoid organs oeenrring in groups 
along lymphatie vessels, where they filter lymph 

and serve as a site of lymphoeyte aetivation and 
proliferation. 

• The spleen filters and eleanses the blood and eontains 

a reservoir of RBCs and platelets that are squeezed into 
eirenlation if more blood is needed. It destroys old and 
damaged RBCs as well as aetivates an immune response 
to foreign antigens in the blood. 

13.3 Lymphoid Tissues 

• Tonsils are groups of lymphatie tissues within the 
mneosae of pharynx and oral eavity. They intereept 
pathogens entering the pharynx from the mouth and 
nose. 

• Mucosa assoeiated lymphoid tissue (MALT) eonsists of 
eolleetions of WBCs within the mneosae of respiratory, 
digestive, nrinary, and reprodnetive traets. 


13.4 Nonspeeifie Resistanee 

• Nonspeeifie resistanee provides general proteetion against 
all pathogens, but it is not direeted at any partienlar 
pathogen. 

• Meehanieal barriers inelnde the skin, mucous membranes, 
mucus, tears, saliva, and urine. 

• Proteetive ehemieals inelnde gastrie juice, interferon, 
enzymes such as lysozyme and pepsin, and fluids with a 
low pH. 

• eomplement is a group of plasma proteins that poke holes 
in the plasma membranes of pathogens. Complement also 
aetivates phagoeytosis and inflammation. 

• Phagoeytosis is a major meehanism of nonspeeifie 
resistanee. Nentrophils, monoeytes, and wandering 
and fixed maerophages aetively engulf and destroy 
pathogens. The wandering and fixed maerophages form 
the tissue maerophage system, which plays a major role 
in proteetion against pathogens. 

• Inflammation helps eontrol infeetion by attraeting WBCs 
and maerophages and by inereasing the blood supply to 
the affeeted area. 

• Fever inereases the rate of defense proeesses and inhibits 
the growth of eertain pathogens. 

13.5 lmmunity 

• Immnnity provides proteetive meehanisms against 
speeifie antigens. Lymphoeytes and maerophages play 
key roles in immnnity. 

• Mamring lymphoeytes learn to distingnish moleenles 
eomposing the body (self) from foreign (nonself) 
moleenles. Large nonself moleenles that ean stimnlate 
an immune response are ealled antigens. 

• Dndifferentiated lymphoeytes are first formed in the fetal 
yolk sae with all formed elements. The liver and spleen 
take over formed element prodnetion in the fetal life 

as well before evenmally moving to the red bone mar- 
row in a newborn infant. About half of the lymphoeytes, 
the B eells, stay in the red bone marrow to beeome 
immnnoeompetent. The other half are earried to the 
thymus, where they beeome immunocompetent T eells. 
immnnoeompetent T eells and B eells are dispersed to 
seeondary lymphoid organs and tissnes throughout the 
body and also eirenlate in the blood. 

• T eells provide eell-mediated immnnity. T^ eells and T^ 
eells are aetivated when they bind to an antigen and self 
protein presented by an APC. Aetivated T^ eells form a 
elone of aetive T^ eells and Tjvi eells; aetivated T^ eells 
form a elone of aetive T^ eells and Tjvi eells. 

• Th eells release eytokines that stimnlate eell division 
and immune aetion of T and B eells and phagoeytosis. T^ 
eells destroy foreign and diseased eells with ehemieals. 
After the antigen is destroyed, T^ eells remain to attaek 
the antigen if it reenters the body. 

• B eells provide antibody-mediated immnnity. When an 
antigen binds to reeeptors on a B eell, it is engnlfed and 
displayed on the eell snrfaee along with self antigens. 
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A Th eell binds to the antigen-self protein complex and 
seeretes eytokines, which aetivate the B eell. The B eell 
forms a elone of identieal B eells. Most of the eloned 
B eells beeome plasma eells, and a few beeome memory 
B eells. Plasma eells prodnee antibodies that bind to the 
antigen, enabling easier destrnetion of the antigen by 
phagoeytosis and other means. Memory eells remain to 
attaek the antigen if it reenters the body. 

• Antibodies are speeifie proteins prodneed by plasma eells 
against speeifie antigens. There are five elasses of antibodies: 
IgG, IgA, IgM, IgD, IgE. Eaeh performs a speeial role. 

13.6 lmmune Responses 

• The first eontaet with a speeifie antigen prodnees the 
primary immnne response. Subsequent eontaets with the 
same antigen prodnee seeondary immune responses that 
are more rapid and intense. 

• There are two basie types of immune responses: aetive 
and passive. Aetive immnnity resnlts when the body 

Se If-Revi evv 


prodnees its own memory eells and antibodies. Passive 
immnnity resnlts from antibodies that have been 
prodneed by another person, an animal, or synthetieally. 

13.7 Rejeetion of Organ Transplants 

• The normal response of the lymphoid system is to attaek 
and destroy organ transplants beeanse they are foreign. 
Rejeetion is minimized by a good mateh between 
donor and reeipient and by the administration of 
immunosuppressive drugs. 

• The use of eyelosporine inhibits fnnetions of T eells but 
leaves hmetions of B eells essentially intaet. 

13.8 Disorders of the Lymphoid System 

• infeetions disorders inelnde AIDS, elephantiasis, 
lymphadenitis, and tonsilitis. 

• Noninfeetions disorders of the lymphoid system inelnde 
allergy, autoimmune diseases, and lymphoma. 


Answers are loeated in appendix B. 

1. The lymphoid system removes excess_from 

interstitial spaees. 

2. Lymphatie vessels earry_from body tissnes to 

the_veins. 

3. Filtering and eleansing lymph is the fnnetion of_, 

which also are sites of_prodnetion. 

4. Filtering and eleansing blood is a fnnetion of the largest 

lymphoid organ, the_, which also removes 

worn-out_eells. 

5. Mucous membranes, tears, and gastrie juice provide 
_resistanee against disease. 

6. The major WBC phagoeytes involved in nonspeeifie 

resistanee are_and_. 

7. Fighting infeetion is aided by_, which inereases 

blood fIow and attraets phagoeytes to the affeeted area. 

8. Lymphoeytes that beeome immnnoeompetent in the 

beeome T eells. 


9. To start an immune response, part of an antigen must be 

displayed by an_eell where a speeifie_eell 

ean bind to it. 

10. Snbtype eells formed in a elone of T eells are_ 

T eells,_T eells, and_T eells. 

11. B eells prodnee_-mediated immnnity, and T eells 

prodnee_-mediated immnnity. 

12. Gytokines released by_eells promote rapid eell 

division in aetivated_eells and_eells. 

13. An aetivated B eell forms a elone eonsisting of_ 

eells, which prodnee_, and memory B eells. 

14. Immnnity acquired by eontaet with a pathogen 

and prodneing antibodies against it is known as_ 

immnnity. 

15. _artifieially introdnees an antigen into the body 

and prodnees a primary immune response, so if the real 
pathogen subsequently enters the body, a faster, more 
intense_immune response destroys it. 


Crìtìcal ThìnkìnR _ 

1. How would a nonhmetional thymus affeet immunity? 

2. How ean T eells and B eells make reeeptors for so many different antigens? 

3. Why would an inability to remove excess fluid from a tissue lead to a potentially life-threatening simation? 

4. How is vaeeination good for both the person reeeiving the vaeeination and also people that person eomes in eontaet with? 

5. Why is it diffienlt to cure AIDS? 
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One fall vveekend, Jesse drives home from 
oollege to attend the homeooming football game 
at his old high sehool. VVhen Jesse arrives at the 
game, it is as if the entire tovvn has eome out 
to vvateh their team battle the rival high sehool. 
For three hours, Jesse eheers loudly for every 
great play and yells at the referee for every bad 
eall. In faet, the stadium is so loud that he has 
to shout to talk to some old friends vvho have 
sat dovvn nearby. VVhen the game ends, Jesse 
heads home feeling triumphant over his alma 
mater’s vietory. Hovvever, vvhen he vvakes up 
in the morning, his neek is sore and his voiee 
is very raspy and barely audible. His mother, a 
registered nurse at the loeal hospital, diagnoses 
Jesse as having acute laryngitis. Jesse’s loud 
eheering has inflamed his larynx, or “voiee box,’’ 
vvhieh is causingthe soreness and difficulty 
speaking. As he rests his voiee and drinks some 
hot tea vvith honey, Jesse thinks to himself that 
supporting his sehool vvas eompletely vvorth a 
little diseomfort. 
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SELEGTED KEY TERMS 


Alveolar gas exchange The 

exchange of oxygen and earbon 
dioxide between the air in alveoli 
and the blood in alveolar eapillaries. 
Alveolns (alveol = small eavity) 

A mieroseopie air sae within a lung. 
Breathing The movement of air 
into and out of the lungs. 
Bronehial tree (broneh = 
windpipe) The branehing bronehi. 
Expiration (ex = from; spirat = 
breathe) Movement of air out of 
the lungs; exhalation. 


Glottis The opening between the 
voeal folds within the larynx. 
Inspiration Movement of air into 
the lungs: inhalation. 

Larynx (laryn = gullet) The 
cartilaginous box loeated between 
the pharynx and the traehea that 
eontains voeal folds. 

Pharynx (pharyn = throat) The 
eavity between the mouth and the 
esophagns or larynx, used in both 
breathing and swallowing; the throat. 


Snrfaetant A ehemieal in alveoli 
that rednees snrfaee tension and 
prevents alveolar eollapse. 
Systemie gas exchange The 
exchange of oxygen and earbon 
dioxide between the blood in 
systemie eapillaries and the 
tissue eells. 

Traehea (traehe = windpipe) 
The tube earrying air between 
the larynx and the bronehi. 


THE PRIMARY ROLE of the respiratory system is to make 
oxygen available to eells for eellnlar respiration and to 
remove earbon dioxide, the main byprodnet of that 
metabolism. The entire proeess of respiration eneom- 
passes five unique and sequential proeesses: 

1 . Breathing (pnlmonary ventilation)-the movement 
of air into and out of the lungs. 

2. Alveolar gas exchange-the exchange of oxygen 
and earbon dioxide between the air in alveoli and 
the blood in alveolar eapillaries. 

3. Gas transport-transport of oxygen and 
earbon dioxide between the lungs and tissnes, 
aeeomplished by the eardiovasenlar system. 

4. Systemie gas exchange-the exchange of oxygen 
and earbon dioxide between the blood in systemie 
eapillaries and the tissue eells. 

5. Gellnlar respiration-the use of oxygen and 
prodnetion of earbon dioxide during ATP prodnetion. 

The strnemres of the respiratory system are involved 
direetly in only two of these proeesses: breathing and 
alveolar gas exchange, which is eolleetively referred to 
as external respiration. Systemie gas exchange and 
eellnlar respiration together are referred to as internal 
respiration. 

The respiratory system does more than just exchange 
respiratory gases. It also helps to deteet odors, prodnee 
sounds, regnlate blood pH, trap and defend the body from 
airborne pathogens, and assist in the movement of venous 
blood and lymph. 

14.1 Structures of the 
Respiratory System 

Learning Objeetive 

1. Deseribe the structures and functions of the 
respiratory system. 


The respiratory system is snbdivided into upper and lower 
respiratory traets. The apper respiratory traet inelndes the 
nose and pharynx. The loiver respiratory traet inelndes the 
larynx, traehea, bronehi, and lungs (figure lA.la). 

Nose 

The protruding portion of the nose is snpported by bone 
and nasal eartilage (figure 14.1Ò). The nasal bones form a 
rigid snpport for the bridge of the nose, and nasal earti- 
lage snpports the remaining portions and is responsible 
for the flexibility of the nose. The nostrils, or nares, are the 
two external openings in the nose that allow air to enter 
and leave the nasal eavity. Stiff hairs around the nostrils 
tend to keep out large airborne partieles and inseets. 

The nasal eavity is the internal ehamber of the 
nose that is surrounded by skull bones. It is separated 
from the oral eavity by the palate (roof of the mouth), 
which eonsists of two basie portions. The anterior hard 
palate is formed by the palatine proeesses of the maxillae 
and the palatine bones. The posterior soft palate is eom- 
posed of skeletal muscle tissue. The nasal eavity is divided 
into left and right portions by the nasal septnm, a verti- 
eal partition of bone and nasal eartilage that is loeated on 
the midline. Three nasal eonehae projeet from eaeh lateral 
wall and serve to inerease the snrfaee area of and ereate air 
turbulence in the nasal eavity. 

The snperior nasal eoneha and snperior nasal sepmm 
are lined with olfaetory mneosa eontaining the olfae- 
tory epithelinm, the tissue eontaining the olfaetory reeep- 
tors used in deteeting ehemieals for the sense of smell (see 
ehapter 9). The rest of the nasal eavity, larynx, traehea, and 
bronehi are eovered by respiratory mucosa eontaining 
psendostratified eiliated eolnmnar epithelinm. Goblet eells 
within the epithelinm prodnee mucus to eoat the epithelial 
surface. As air flows through the nasal eavity, it is warmed 
by the blood-rieh mneosae and is moistened by the mucus. 
In addition, airborne partieles, inelnding mieroorganisms. 
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Tobaeeo smoke paralyzes eilia of the epithelia 
ining the air passages. As a result, mucus and 
entrapped partieles are not effeetively removed. 
Prolonged irritation by tobaeeo smoke causes the 
eiliated epithelium to be replaeed with stratified 
squamous epithelium, which eannot elear the air- 
ways of mucus. The resulting mucus accumulations 
lead to smoker’s cough and provide a fertile site 
for the growth of mieroorganisms. 
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eell 
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(b) 


Olfaetory nnucosa 
Superior nasal eoneha 

Middle nasal eoneha 
Inferior nasal eoneha 
Sphenoidal sinus 

Pharyngeal tonsil 

Opening of 
auditory tube 

Nasopharynx 

Palatine tonsil 
Oropharynx 
Lingual tonsil 

Laryngopharynx 

Esophagus 


Figure 14.1 (a) The general organization of the respiratory system. (b) Major structures of the upper respiratory traet. 
(e) Mucus and entrapped partieles are moved by eilia of the mucosa from the nasal eavity to the pharynx. 


are trapped in the mucus of the respiratory mucosa. Within 
the larynx, traehea, and bronehi, eilia of the epithelinm 
slowly move the layer of mucus with its entrapped partieles 
toward the pharynx (figure 14.1c), where it is swallowed. 


Upon reaehing the stomaeh, most mieroorganisms in the 
mucus are destroyed by the gastrie juice. 

Several bones surrounding the nasal eavity eontain 
paranasal sìnnses, air-filled eavities. Sinnses are loeated 
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in the frontal bone, ethmoid, maxillae, and sphenoid adja- 
eent to the nasal eavity. The sinnses lighten the sknll and 
serve as sonnd-resonating ehambers dnring speeeh. The 
sinnses open into the nasal eavity, which inereases nasal 
eavity snrfaee area, and are lined with eiliated mneosae 
that are eontinnons with the mneosae of the nasal eavity. 
The seereted mucus drains into the nasal eavity. 

Pharynx 

The pharynx (fayr'-inks), eommonly ealled the throat, is a 
short passageway that lies posterior to the nasal and oral eav- 
ities and extends inferiorly to the larynx and esophagns. It 
has a muscular wall and it is lined with mneosae eontaining 
stratified squamous epithelium. As shown in figure 14.1Ò, 
the pharynx eonsists of three parts: the nasopharynx poste- 
rior to the nose; the oropharynx posterior to the mouth; and 
the larynyopharynx posterior to the larynx. 

The aaditory (enstaehian) tnbes (figure 14. lò), which 
extend to the middle ear, open into the nasopharynx. Air 
moves in or out of the auditory tubes to equalize the air 
pressure on eaeh side of the tympanie membrane. 

The tonsils, clumps of lymphoid tissue, occur at the 
openings to the pharynx. The palatine tonsils are loeated 
bilaterally at the jnnetion of the oropharynx and the oral 
eavity. The pharynyeal tonsil (adenoid) is loeated in the 
snperior nasopharynx, and the linyaal tonsils are found on 
the posterior tongue. Tonsils are sites of immune reae- 
tions and may beeome sore and swollen when infeeted. 
Enlargement of the palatine tonsils tends to make swal- 
lowing painfnl and diffienlt. A swollen pharyngeal tonsil 
tends to bloek the flow of air between the nasal eavity 
and the pharynx, which promotes mouth breathing and 
ean ereate snoring. When breathing throngh the mouth, 
air is not adequately warmed, filtered, and moistened. 

Larynx 

The larynx (layr'-inks) is a boxlike strnemre, eomposed 
of several eartilages, that provides a passageway for air 
between the pharynx and the traehea. The three largest 
eartilages are the thyroid eartilaye, which projeets anteri- 
orly to form the Adam's apple; the erieoid eartiìaye, which 
forms the attaehment to the traehea; and the epiyìottis, a 
eartilaginons flap that helps to keep solids (food) and liq- 
uid from entering the larynx. The larynx is snpported by 
ligaments that extend from the hyoid bone (figure 14.2). 

The voeal folds are two bands of elastie eonnee- 
tive tissue eovered by mucosa loeated within the larynx 
(figure 14.3). They are relaxed during normal breathing, 
but when eontraeted, they vibrate to prodnee voeal 
sounds when exhaled air passes over them. The piteh 
(high or low tone) of a sound is determined by the vibra- 
tion frequency of the voeal folds. High frequency vibra- 
tions lead to high piteh sound and viee versa. The londness 
(volume) of a sound is related to the vibration amplimde 
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Figure 14.2 The Larynx. 

(a) Anterior view. (b) Posterior view. 



of the voeal folds. The larger the amplitnde the louder the 
volume and viee versa. The opening between the voeal 
folds, the glottis, leads to the traehea. The vestibular 
folds, which lie snperior to the voeal folds, are eomposed 
of a small amount of elastie eonneetive tissue eovered by 
mucosa. They prevent food from entering the glottis and 
are not involved in sound prodnetion. 

Beeanse the oropharynx and laryngopharynx are 
also passageways for food, a meehanism exists to prevent 
food from entering the larynx and to direet food into the 
esophagns (è-sof'-ah-gus), the flexible mbe that earries food 
to the stomaeh. When swallowing, mnseles lift the larynx 
snperiorly, which causes the epiglottis to fold over and eover 
the opening into the larynx. This aetion direets food into the 
esophagns, whose opening is loeated just posterior to the 
larynx. Sometimes this meehanism does not work perfeetly 
and a small amount of food or drink enters the larynx, stimu- 
lating a eonghing reflex that usually expels the substance. 
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Figure 14.3 Voeal folds vievved superiorly vvith the 
glottis (a) elosed and (b) open. (e) Photograph of the 
glottis and voeal folds. 


Traehea 

The traehea (trà'-kè-ah), or vvindpipe, is a tube that 
extends from the larynx into the thoraeie eavity, where it 
branehes to form the right and left main bronehi. The walls 
of the traehea are supported by C-shaped traeheal eartilages 
that hold the passageway open in spite of the air pressnre 
ehanges that occur during breathing (figure 14.4«). The 
open portion of the traeheal eartilages is oriented posteri- 
orly against the esophagns (see figure 14.2Ò). This orienta- 
tion allows the esophagns to expand slightly as food passes 
down to the stomaeh. 

The internal wall of the traehea is lined with mucosa 
eontaining psendostratified eiliated eolnmnar epithelinm, 
the same type of epithelinm lining most of the upper 
respiratory traet. Mucus produced by the goblet eells 
eoats the surface of the epithelium and traps airborne par- 
tieles, inelnding mieroorganisms. The beating eilia move 
the mucus and entrapped partieles snperiorly to the phar- 
ynx where they are eonghed out or swallowed. Mieroor- 
ganisms are usually killed by gastrie juice in the stomaeh. 


Bronehi, Bronehioles, and Alveoli 

The traehea branehes at about midehest into the left 
and right main bronehi (brong'-ki; singnlar, bronehns). 
Eaeh main bronehns enters its respeetive lung, where it 
branehes to form smaller lobar bronehi, one for eaeh lobe of 
the lung. Lobar bronehi braneh to form segmental bronehi 
that lead to different bronehopnlmonary segments of eaeh 
lung lobe. The bronehi eontinne to braneh into smaller 
and smaller bronehi. Beeanse the bronehi resemble tree 
branehes, they are eolleetively ealled the bronehial tree 
(figure 14.4«). 

The walls of the bronehi eontain eartilaginons rings 
similar to those of the traehea, but as the branehes get 
progressively smaller, the amount of eartilage gradnally 
deereases and finally is absent in the very small mbes 
ealled the bronehioles (brong'-kè-òls). As the amount 
of eartilage deereases, the amount of smooth muscle 
inereases. The smooth muscle plays an important role in 
regnlating the airflow throngh the air passageways. Con- 
traetion of the smooth muscle causes bronehoeonstrietion, 
which deereases airflow. Relaxation of the smooth mus- 
ele results in bronehiodilation, which inereases airflow. 
Air passageways larger than bronehioles are lined with 
eiliated mneosae that eontinne to trap and remove air- 
borne partieles. Bronehioles are lined with mneosae eon- 
taining simple enboidal epithelinm, so foreign partieles 
that reaeh them are not effeetively removed. Bronehi- 
oles braneh to form smaller and smaller bronehioles that 
lead to mieroseopie alveolar ducts, which terminate in 
tiny air saes ealled alveoli (al-vè'-ó-li; singnlar, alveolas). 
Alveoli resemble tiny grapes elnstered about an alveolar 
duct and are eomposed of simple squamous epithelium 
(figure 14.5«). 

The primary hmetion of the bronehial tree and 
bronehioles is to earry air into and out of the alveoli dur- 
ing breathing. The exchange of respiratory gases occurs 
between the air in the alveoli and the blood in the eap- 
illary networks that surround the alveoli (figure 14.5Ò). 
Oxygen and earbon dioxide diffnse readily throngh the 
thin respiratory membrane, which is eomposed of 
squamous eells of the alveolar wall and the eapillary wall 
(figure 14.5c). Alveoli are extremely numerous-about 
300 million in eaeh lung. They have a eombined snrfaee 
area of about 75 square meters and ean hold about 6,000 
ml of air. 

Alveoli eontain very small spaees, which are eoated 
with a watery fluid. The attraetion (snrfaee tension) 
between water moleenles would cause the alveoli to eol- 
lapse if it were not for snrfaetant. Surfactant (ser-fak'- 
tant) is a mixture of lipoproteins seereted by speeial eells 
in alveoli. It rednees the attraetion between water mol- 
ecules and keeps alveoli open so they may fill with air 
during inspiration. Without surfactant, alveoli would eol- 
lapse and beeome very diffienlt to reinflate. 
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Figure 14.4 (a) Anterior view of the lower respiratory traet. (b) Transverse seetion of the thoraeie eavity shows the 
pleurae and the relationship of the lungs to other thoraeie organs. (APlRl 


Lungs 

The paired lungs are large organs that oeenpy much of 
the thoraeie eavity. They are roughly eone-shaped and are 
separated from eaeh other by the mediastinnm. Eaeh lung 
is divided into lobes. The left lung has two lobes (supe- 
rior and inferior) and is somewhat smaller than the right 
lung, which is eomposed of three lobes (snperior, middle, 
and inferior) (see figure 14Ad). Eaeh lobe is supplied by a 
lobar bronchus, blood and lymphatie vessels, and nerves. 
The lungs eonsist primarily of air passages, alveoli, blood 
and lymphatie vessels, nerves, and eonneetive tissnes, giv- 
ing the lungs a soft, spongy texture. 


Two layers of serosae, ealled pleural membranes, 
enelose and proteet eaeh lung. The viseeral pleura 
is firmly attaehed to the snrfaee of eaeh lung, and the 
parìetal pleura lines the internal wall of the thoraeie 
eage. The potential spaee between the viseeral and pari- 
etal plenrae is known as the pleural eavity. A thin film 
of plenral fluid occupies the pleural eavity and rednees 
frietion between the plenrae as the lungs inflate and 
deflate during breathing. Althongh lungs are elastie and 
tend to reeoil, the attraetion of water moleenles in the 
plenral fluid within the plenral eavity keeps the viseeral 
and parietal plenrae smek together (figure 14.4Ò). 

Table 14.1 summarizes the functions of the respira- 
tory strnemres. 
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Figure 14.5 (a) Bronehioles braneh to form 
smaller and smaller bronehioles, vvhieh lead to 
mieroseopie alveolar ducts that terminate in a 
cluster of alveoli. (b) Eaeh alveolus is enveloped 
by a eapillary netvvork. Deoxygenated blood 
(blue) enters the eapillary netvvork. Oxygenated 
blood (red) exits the eapillary netvvork. 

(e) Cross-sectional view of an alveolus shows the 
respiratory membrane eonsisting of alveolar and 
eapillary walls. &P|R] 



eheek 



Understandinq 


1. What are the functions of the nose? 

2. What are the three divisions of the pharynx, 
and where are they loeated? 

3. What are the functions of the glottis and epiglottis? 

4. What are the fnnetions of the voeal folds and 
vestibnlar folds? 

V_ I_ 


5. What is the fnnetion of the eartilage in the walls of 
the traehea and bronehi? 

6. What are the fnnetions of the bronehi and 
bronehioles? 

7. Why is snrfaetant important? 

_ J 


Table 14.1 Summary of Functions of the Respiratory Structures 


eomponent 


Function 


Nose 

Pharynx 


Larynx 


Traehea 

Bronehi 

Bronehioles 

Alveoli 


Nostrils allovv air to enter and exit the nasal eavity; the nasal eavity filters, vvarms, and moistens the inhaled air 

Garries air betvveen the nasal eavity and the larynx; filters, vvarms, and moistens the inhaled air; serves as pas- 
sagevvay for food from the mouth to the esophagus; equalizes air pressure vvith middle ear via auditory tube 

Garries air betvveen the pharynx and traehea; eontains voeal folds for producing sounds in voealization; 
prevents objeets from entering the traehea 

Garries air betvveen the larynx and the bronehi; filters, vvarms, and moistens the inhaled air 
Garries air betvveen the traehea and the bronehioles; filters, vvarms, and moistens the inhaled air 
Regulates the rate ofairflovv through bronehoeonstrietion and bronehodilation 
Allovv the gas exchange betvveen the air in the alveoli and the blood in surrounding eapillaries 
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14.2 Breathìng 




niea 


nsiqh 


The presenee of air in the pleural eavity is ealled 
a pneumothorax (nu-mò-thò'-raks). This may occur 
due to a thoraeie injury or surgery that allovvs air 
to enter the pleural eavity. It also occurs in emphy- 
sema patients vvhen air eseapes from ruptured 
alveoli into the pleural eavity. A pneumothorax 
causes the affeeted lung to eollapse and beeome 
nonfunctional. Because eaeh lung is in a sepa- 
rate pleural eavity, the eollapse of one lung does 
not adversely affeet the other lung. Treatment 
involves removing the intrapleural air to restore 
the normal pressure so that the lung may inflate. 


Learning Objeetive 

2. Deseribe the meehanism of breathing. 

Breathing, or pnlmonary ventilation, is the proeess that 
exchanges air betvveen the atmosphere and the alveoli of 
the Inngs. Air moves into and out of the lungs along an 
air pressnre gradient-from regions of higher pressnre to 
regions of lower pressnre. There are three pressnres that 
are important in breathing: 

1. Atmospherie pressare is the pressnre of the air that 
surrounds the earth. Atmospherie pressnre at 

sea level is 760 mm Hg, but at higher elevations 
it deereases beeanse there is less air at higher 
elevations. 

2. Imra-alveolar (imrapalmonary) pressare is the air 
pressnre within the lungs. As we breathe in 
and out, this pressure fluctuates between being 
lower than atmospherie pressnre and higher than 
atmospherie pressnre. 

3. Imraplearal pressare is the pressnre within the 
plenral eavity. It is about 2 to 6 mm Hg below 
the atmospherie pressure during varions phases 
of breathing. This lower intraplenral pressnre 

is often deseribed as "'negative pressnre,'' and it 
keeps the lungs stuck to the internal walls of the 
thoraeie eage and helps expand the lungs, even as 
the thoraeie eage expands and eontraets during 
breathing. If the intraplenral pressnre were to equal 
atmospherie pressure, the lungs would eollapse and 
be nonfnnetional. 

Inspiration 

The proeess of moving air into the lungs is ealled 
inspiration, or inhalation. When the lungs are at rest, the 
air pressnre in the lungs is the same as the atmospherie 
pressnre. In order for air to flow into the lungs, the intra- 
alveolar pressnre must be deereased to below atmospherie 
pressure. This ehange allows for air to flow from the 
higher air pressnre in the atmosphere towards the lower 
air pressnre within the lungs. The eontraetion of the dia- 
phragm and the external intereostals during inspiration 
causes an inerease in lung volume, which results in a 
deerease in intra-alveolar pressnre. 

The dome-shaped dìaphragm is a thin sheet of skel- 
etal muscle separating the thoraeie and abdominal eavi- 
ties. When it eontraets, the diaphragm pulls inferiorly and 
beeomes flattened, which inereases the volume of the tho- 
raeie eavity. At the same time, eontraetion of the external 
intereostals elevates and protraets the ribs and pushes the 
sternum anteriorly, which fnrther inereases the volume of 
the thoraeie eavity (figures 14.6, 14.7«). 


Because the negative intraplenral pressnre and the 
snrfaee tension of the plenral fluid keep the viseeral pleura 
smek to the parietal pleura, the lungs are pulled along 
when the thoraeie eage expands. Therefore, the expan- 
sion of the thoraeie eavity inereases the volume of the 
lungs, which deereases the intra-alveolar pressnre. Then, 
the higher atmospherie pressnre forees air throngh the air 
passageways into the lungs until intra-alveolar and atmo- 
spherie pressnres are equal. Quiet inspiration requires the 
eontraetion of the diaphragm and the external intereos- 
tals only. Foreefnl inspiration requires the involvement of 
additional mnseles in the neek and ehest, such as the ster- 
noeleidomastoid, sealenes, serrams anterior, and peetora- 
lis minor (figure 14.6). The eontraetion of these mnseles 
elevates and protraets the ribs to a greater extent, leading 
to a greater inerease in the volume of the thoraeie eavity. 
Through this fìarther inerease in thoraeie volume, intra- 
alveolar pressnre deereases to a greater extent, which 
resnlts in greater airflow into the lungs. 

Expiratien 

Expiration, or exhalation, occurs when the diaphragm 
and external intereostals relax, allowing the thoraeie eage 
and lungs to remrn to their original size. This resnlts in a 
deerease in the volume of the thoraeie eavity and lungs. 
The deerease in lung volume inereases intra-alveolar pres- 
sure to a level higher than atmospherie pressnre. The 
higher intra-alveolar pressnre forees air out of the lungs 
until intra-alveolar and atmospherie pressnres are equal. 

Expiration during quiet breathing is a rather passive 
proeess beeanse the abnndant elastie eonneetive tissue in 
the lungs and thoraeie wall causes them to remrn to their 
original size as soon as the mnseles of inspiration relax. 
However, a foreefnl expiration is possible by eontraetion 
of the internal intereostals (figure 14.6), which depresses 
and retraets the ribs, and by the mnseles of the abdominal 
wall, which move the abdominal viseera and diaphragm 
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Figure 14.6 Respiratory muscles. Sternoeleidomastoid, sealenes, and peetoralis minor are involved in forceful 
inspiration only. Internal intereostals and abdominal muscles are involved in forceful expiration only. 
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Figure 14.7 The Meehanisms of Breathing. 

(a) During quiet inspiration, the inereasing volume of the thoraeie eavity and lungs reduces the intra-alveolar pressure, 
leading to air flovving into the lungs. (b) During quiet expiration, the deereasing volume of the thoraeie eavity and lungs 
inereases the intra-alveolar pressure, leading to air flovving out of the lungs. [APlRl 


superiorly. These eontraetions further deerease the volume 
of the thoraeie eavity and lungs, which inereases the intra- 
alveolar pressnre, eansing more air to flow out of the lungs. 


14.3 Respìratory Volumes 
and Capacities 



eheek 



IJnderstanding 



8. How do intraplenral pressnre and plenral fluid in 
the plenral eavity affeet breathing? 

9. Deseribe the meehanisms of inspiration and 
expiration. 

V___ J 


Learning Objeetive 

3. Deseribe the various respiratory volumes and 
eapaeities and the signifieanee of eaeh. 

Healthy adults average 12 to 15 quiet breathing eyeles 
per minute. A breathing egele is one inspiration followed 
by one expiration. The volume of air inhaled and exhaled 
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in a quiet or forceful breathing eyele varies with size, sex, 
age, and physieal eondition. The average respiratory vol- 
umes have been determined by size, age, and sex in order 
to enable evalnation of pnlmonary fnnetions. Respiratory 
volnmes that are 80% or less than the healthy range usu- 
ally indieate some form of pnlmonary disease. 

An instrnment ealled a spirometer is used to deter- 
mine respiratory volnmes. It prodnees a spirogram, a graphie 
reeord of the volume of air exchanged. 

The volume of air inhaled or exhaled in a quiet 
breathing eyele is about 500 ml, and it is known as the 
tidal volame (TV). Foreefnl inspirations and expirations ean 
exchange a much greater volume of air. The maximum 
volume of air that ean be foreefnlly inhaled after a tidal 
inspiration is about 3,000 ml, and it is known as the inspi- 
ratory reserve volame (IRV). 

The maximum volume of air that ean be foreefnlly 
exhaled after a tidal expiration is about 1,100 ml, and it 


is known as the expiratorg reserve volame (ERV). About 
1,200 ml of air remains in the lungs after a maximum 
foreed expiration. This residnal air is known as the residaal 
volame (RV). Onee an infant takes its first breath, there 
is always residnal volume in the lungs. The snrfaetant in 
alveoli keeps the alveoli from eollapsing. The intraplenral 
pressnre and the snrfaee tension of the plenral fluid keep 
the lungs partially inflated. 

Respiratory eapaeities ean be ealenlated by summa- 
tion of two or more respiratory volnmes. The maximum 
amount of air that ean be foreefnlly exchanged is known 
as the vital eapaeitg (VC), and it is equal to the sum of 
the tidal volume, the inspiratory reserve volume, and the 
expiratory reserve volume-about 4,600 ml. The total lung 
eapaeitg (TLC) is equal to the sum of the vital eapaeity 
and the residnal volume-about 5,800 ml. 

The respiratory volumes are summarized in table 14.2 
and are graphieally shown in figure 14.8. 


Table 14.2 Summary of Respiratory Volumes and Capacities 




Average 

Name 

Definition 

Voiume 


Tidal volyme (TV) Volume of air inhaled or exhaled during quiet breathing 500 ml 

Inspiratory reserve volume (IRV) Volume of air that ean be forcefully inhaled after a tidal volume inhalation 3,000 ml 

Expiratory reserve volume (ERV) Volume of air that ean be forcefully exhaled after a tidal volume expiration 1,100 ml 

Vital eapaeity (VC) Maximum volume of air that ean be forcefully exhaled after a maximum 4,600 ml 

forceful inhalation VC = TV + IRV + ERV 

Residual volume (RV) Volume of air remaining in the lungs after a maximum forceful exhalation 1,200 ml 

Total lung eapaeity (TLC) Maximum volume of air that the lungs ean eontain TLC = VC + RV 5,800 ml 



Time 


Figure 14.8 Respiratory volumes and eapaeities. The wavy blue line is a spirometer traeing that indieates the volumes 
of air exchanged as the respiratory movements are performed. 
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eheek 



IJnderstanding 


10. What distinguishes inspiratory reserve volnme 
and expiratory reserve volume? 

11. What distinguishes tidal volume and vital 
eapaeity? 


J 





The determination of the lung volumes is useful in 
identifying the two basie eategories of pulmonary 
disease; obstructive and restrietive disorders. Eaeh 
eategory has a eharaeteristie pattern of abnormal 
test results. It is possible for a patient to exhibit 
both patterns simultaneously. 

The obstructìve pattern occurs where there 
is airway obstruction from any cause, such as in 
asthma, bronehitis, and emphysema. In this pat- 
tern, RV is inereased and the RV/TLC ratio is 
inereased. 

The restrìetìve pattern occurs when there 
is a loss of lung tissue or when expansion of the 
lungs is limited. This pattern may result from lung 
tumors, weakness of respiratory muscles, pulmo- 
nary edema, or fibrosis of the lungs. In this pattern, 
the TLC is deereased, the RV/TLC ratio is normal or 
inereased, and the VC is deereased. 

V___ J 


14.4 Control of Breathing 

Learning Objeetive 

4. Deseribe the neural eontrol of breathing. 

The normal rhythmie eyele of breathing is involuntary- 
we donT have to think about it. It continues when we are 
sleeping or even unconscious. However, we ean volun- 
tarily override the normal pattern and take deep breaths 
and breathe faster or slower if we wish. The eenters for 
involuntary eontrol of breathing lie in the brainstem, 
where two groups of neurons in the medulla oblongata 
and one group of neurons in the pons regulate breathing. 
The voluntary override of breathing is eontrolled by the 
primary motor area of the eerebral cortex (figure 14.9). 

Respiratory Centers 

Two bilateral groups of neurons eompose the respiratory 
rhythmieity eenter in the medulla oblongata: the ven- 
tral respiratory group and the dorsal respiratory group. 
The ventral respiratory groap (VRG) is responsible for 
the normal rhythmie eyele of breathing. It sends nerve 
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Figure 14.9 The eontrol of breathing. Respiratory 
eontrol eenters are loeated in the medulla oblongata 
and the pons. 


impulses to the diaphragm and external intereostals caus- 
ing them to eontraet, which results in inspiration. Inspira- 
tion continues as long as the VRG sends out the nerve 
impulses; but when nerve impulses eease, the muscles 
of inspiration relax and expiration occurs. This pattern 
of alternating neural aetivity and inaetivity of the VRG 
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produces the eyelie namre of inspiration and expiration. 
In quiet breathing, inspiration lasts about two seeonds, 
and expiration lasts about three seeonds. 

However, breathing ean be deeper or shallower and 
faster or slower as the needs of the body ehange. The 
VRG reeeives input from other sources that result in such 
ehanges in the breathing eyele. The dorsal respiratory 
groap (DRG) serves as a eenter for reeeiving and integrat- 
ing input from sensory sonrees. It sends nerve impnlses 
to the VRG to make neeessary ehanges in the breathing 
pattern in aeeordanee with the sensory input. Sensory 
input is eonsidered in the next seetion. 

A third respiratory eenter, the pontine respiratorg 
groap (PRG), is loeated in the pons. It reeeives input from 
higher brain eenters and sends nerve impnlses to the 
DRG and VRG that modify the breathing pattern. The 
PRG eontains two types of nenrons: those that stimnlate 
and those that inhibit the DRG and VRG. Thus, the PRG 
ean either speed up or slow down the transition from 
inspiration to expiration, which alters the rate and depth 
of breathing. The PRG plays a key role in adapting breath- 
ing to speaking, singing, exercise, sleep, and emotional 
respiratory responses such as erying or langhing. 



eheek 



LJnderstanding 



12. Where are the respiratory eenters loeated? 

13. How is breathing eontrolled by the nervons system? 

V___ J 


14.5 Faetors lnfluencing 
Breathing 

Learning Objeetive 

5. Deseribe the faetors that influence breathing and 
how they produce their effeet. 

The respiratory areas of the mednlla oblongata and pons 
are inflneneed by a number of faetors that cause modifiea- 
tions in the rate and depth of breathing. Faetors involved 
in involnntary eontrol are deteeted by sensory reeep- 
tors, which forward nerve impnlses to the DRG. Higher 
brain eenters involved in volnntary eontrol send nerve 
impnlses to the pontine respiratory group, which then 
transmits nerve impnlses to the respiratory rhythmieity 
eenter (figure 14.9). 

ehemieals 

The most important ehemieal faetors affeeting respira- 
tion are the eoneentrations of GO^, H"^, and in the 
blood or eerebrospinal fluid. Reeall from ehapters 9 and 
12 that sensory reeeptors that are sensitive to these fae- 
tors are ealled ehemoreeeptors. The ehemoreeeptors in 


the mednlla oblongata are sensitive to inereases in H^ 
and eo^ in the eerebrospinal fluid. The ehemoreeep- 
tors in the earotid bodies and aortie bodies are sensitive 
to ehanges in GO^, H"^, and O^. The earotid bodies are 
loeated in the walls of external earotid arteries, while aor- 
tie bodies are loeated in the aortie areh. You ean see that 
they are strategieally loeated, espeeially to monitor blood 
going to the brain. 

You may wonder why the eoneentration of H^ is 
involved in respiratory eontrol. The meehanism for trans- 
porting eo^ in the blood releases H^ as a by-product. 
Therefore, an inerease in GO^ eoneentration prodnees an 
inerease in the H^ eoneentration. 

If the eoneentrations of GO^ and H^ in the blood 
or eSF inerease, the DRG relays the information so 
that the VRG is stimnlated to inerease the rate and 
depth of breathing, which inereases the rate of GO^ 
and H^ removal and retnrns their eoneentrations to 
normal resting levels. Onee homeostasis is restored, 
the rate and depth of breathing also return to normal 
quiet levels. 

If the eo^ and H^ eoneentrations in the blood or 
eerebrospinal fluid are abnormally low, breathing is slow 
and shallow until their eoneentrations inerease to normal 
levels. 

As mentioned previonsly, only the ehemoreeeptors 
in the earotid and aortie bodies are sensitive to ehanges 
in blood O 2 levels, speeifieally to a deeline in blood O 2 
eoneentration. Usually, a drop in O^ eoneentration is 
not a strong stimulus for inereasing the rate and depth 
of breathing, and its main effeet seems to be to inerease 
the sensitivity of ehemoreeeptors to ehanges in the GO^ 
eoneentration. 

Inflatien Reflex 

Baroreeeptors (streteh reeeptors) in the bronehi, bron- 
ehioles, and viseeral plenrae are sensitive to inflation of 
the lungs. During inspiration, nerve impnlses from the 
streteh reeeptors are sent to the DRG via the vagus 
nerves (CN X), where they inhibit the formation of nerve 
impnlses eansing inspiration. This promotes expiration 
and prevents excessively deep inspirations that may 
damage the lungs. 

Irritant Reflexes 

The respiratory traet eontains irritant reeeptors that are 
sensitive to varions ehemieal and physieal irritants, such 
as smoke, dust, and excess amonnts of mucus. When 
stimnlated by irritants, these reeeptors send sensory 
nerve impnlses to the DRG via the vagus nerves. The 
DRG then alters the fnnetion of the VRG, which triggers 
a reflex eontraetion of the respiratory mnseles that leads 
to a sneeze or a cough in order to expel the irritants from 
the respiratory traet. 
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Higher Brain Genlers 

Nerve impulses from higher brain eenters also alter the 
rhythmie eyele of breathing. These nerve impulses may 
be voluntarily generated in the eerebrnm, as when a 
person ehooses to alter the normal pattern of quiet 
breathing. However, these volnntary eontrols are lim- 
ited. For example, if a little ehild tries to "'pnnish” his 
mother by holding his breath, the nerve impnlses from 
higher brain eenters are ignored and involnntary breath- 
ing resnmes onee GO^ level in his blood inereases to a 
eritieal point. 

Involnntary nerve impnlses may be formed by higher 
brain eenters in the eerebral cortex and the hypothala- 
mus during emotional experiences, such as anxiety, fear, 
and excitement, which aetivate the antonomie nervons 
system. At such times, the breathing rate is inereased. 
Similarly, a sudden emotional experience, or a sharp pain 
tends to momentarily stop breathing, a eondition ealled 
apnea (ap'-né-ah). 

Body Temperalore 

An inerease in body temperamre, such as occurs during 
strenuous exercise or a fever, inereases the breathing rate. 
Gonversely, a deerease in body temperamre deereases the 
breathing rate. 


14.6 Gas Exchange 

Learning Objeetive 

6. Deseribe the meehanisms of gas exchange in the 
lungs and the body tissues. 

Alveolar Gas Exchange 

During alveolar gas exchange, respiratory gases are 
exchanged between the air in the alveoli and the blood 
in the eapillaries that surround them. Oxygen and earbon 
dioxide must difhise through the respiratory membrane, 
which is eomposed of the squamous eells forming an alveo- 
lar wall and the squamous eells forming a eapillary wall 
(see figure 14.5c). 

Alveolar air has a higher eoneentration of oxygen 
and a lower eoneentration of earbon dioxide than does 
the eapillary blood. Beeanse moleenles tend to move from 
an area of higher eoneentration to an area of lower eon- 
eentration, oxygen diffnses from the alveolar air into the 
blood and earbon dioxide diffnses from the blood into the 
alveolar air. 

Blood entering a eapillary network of an alveolns is 
oxygen poor and earbon dioxide rieh. Following the gas 
exchange, blood leaving the eapillary is oxygen rieh and 
earbon dioxide poor (figure 14.10). 



eheek 



Understandinq 



14. Which respiratory eenter reeeives input from 
higher brain eenters? 

15. What faetors inflnenee the eontrol of breathing? 

V___ J 


Syslemie Gas Exchange 

After blood has been oxygenated, it retnrns to the heart 
and is pumped throughout the body to supply the tis- 
sue eells through systemie gas exchange. Blood in the 
systemie eapillaries snpplying body tissnes eontains a 
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Figure 14.10 Exchange of oxygen and earbon dioxide between air in an alveolus and blood in an alveolar eapillary 
occurs by dlffusion. 
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higher eoneentration of oxygen and a lower eoneentra- 
tion of earbon dioxide than the tissne eells. Therefore, 
oxygen diffnses from the blood into the interstitial fluid 
before entering the tissue eells and earbon dioxide 
diffnses from the tissue eells into the interstitial fluid 
before entering the blood. In this way, eells are sup- 
plied with oxygen for their metabolie aetivities, and 
earbon dioxide, which is prodneed by eellnlar metabo- 
lism, is removed. 

Blood entering a systemie eapillary network at the 
tissue level is oxygen rieh and earbon dioxide poor. Fol- 
lowing gas exchange, blood leaving the systemie eapillary 
is oxygen poor and earbon dioxide rieh. 



eheek 



IJnderstanding 


16. What structure must oxygen and earbon dioxide 
diffnse throngh during alveolar gas exchange? 

17. What is the differenee between the alveolar 
eapillary blood and the systemie eapillary blood? 



14.7 Transport of 
Respiratory Gases 

Learning Objeetive 

7. Deseribe how oxygen and earbon dioxide are 
transported by the blood. 

The RBCs play a major role in the transport of both oxy- 
gen and earbon dioxide. 

Oxygen Transport 

In the lungs, oxygen diffnses from the air in alveoli into 
the blood of surrounding eapillaries. Most of the oxy- 
gen enters RBCs and eombines with the heme portions 
of hemoglobin (Hb) to form oxyhemoglobin (HbO^). 
About 98.5% of the oxygen is transported as oxyhemo- 
globin. The remaining 1.5% is dissolved in the plasma 
(figure 14.11). 

In body tissnes, oxyhemoglobin releases oxygen 
and it diffnses from eapillary blood into the intersti- 
tial fluid before entering the tissue eells. Actually, only 
about 25% of the oxygen is released in healthy individn- 
als at rest, so oxyhemoglobin is present even in deoxy- 
genated blood. 

The reason that hemoglobin is such an effeetive ear- 
rier of oxygen is that the ehemieal bond between oxygen 
and hemoglobin is relatively nnstable. When the sur- 
rounding oxygen eoneentration is high, as in the lungs, 
hemoglobin eombines readily with oxygen; but when the 
surrounding oxygen eoneentration is low, as in body tis- 
sues, hemoglobin releases oxygen. 


earbon Dioxide Transport 

The transport of earbon dioxide is more complex. Carbon 
dioxide diffnses from body eells into the interstitial fluid 
before entering the eapillary blood. After earbon diox- 
ide enters the blood, it is transported in one of the three 
ways (figure 14.11): 

1. About 7% is dissolved in the plasma. 

2. About 23% enters RBCs and eombines with 
hemoglobin to form earbamìnohemoglobìn 
(HbeO^). Carbon dioxide eombines with the 
globin (protein) portion of hemoglobin, so earbon 
dioxide and oxygen have different binding sites on 
hemoglobin. Therefore, hemoglobin ean transport 
oxygen and earbon dioxide at the same time. 

3. The remaining 70% of the earbon dioxide also 
enters RBCs, but it quickly eombines with water 
to form earbonie aeid (H^GO^). This reaetion is 
eatalyzed by the enzyme earbonie anhydrase. 
earbonie aeid rapidly breaks down (dissoeiates) 
into hydrogen ions (H^) and biearbonate ions 
(HC03-). earbon dioxide is now part of the 
biearbonate ions, which then diffnse out of the 
RBCs and are transported to the lungs in plasma. 

When the blood retnrns to the lungs, all of these 
reaetions run in reverse, releasing earbon dioxide, which 
diffnses into the alveoli. 



Garbon monoxide (CO) is an odorless, eolorless 
gas that is produced by burning earbon fuels. It 
eompetes with oxygen for the same binding sites 
on hemoglobin molecules, and it eombines with 
hemoglobin about 200 times more readily than 
oxygen. Further, CO binds so tightly with hemo- 
globin that it is hard to remove. Therefore, even 
low eoneentrations of 00 ean displaee oxygen 
from hemoglobin molecules and deprive tissues 
of needed oxygen. CO poisoning is the leading 
cause of death from fires. It is espeeially treaeher- 
ous because it kills quietly without attraeting atten- 
tion. Treatment includes the administration of 100% 
oxygen to flush out the CO. 

V___ J 



eheek 



IJnderstanding 



18. How does gas exchange occur in the lungs and in 
systemie tissnes? 

19. How are oxygen and earbon dioxide transported 
by the blood? 

V___ J 
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Figure 14.11 Exchange and transport of oxygen and earbon dioxide. 


14.8 Dìsorders of the 
Respiratory System 

Learning Objeetive 

8. Deseribe the major disorders of respiratory 
system. 


Inflammatory Disorders 

ehronie obstrnetive pnlmonary disease (COPD) is a 

group of disorders in which there is a long-term obstruc- 
tion that rednees airflow to and from the lungs. The 
two most important COPDs are ehronie bronehitis and 
emphysema. 
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Bronehitis is inflammation of the bronehi, and it 
is eharaeterized by excessive mucus production that par- 
tially obstrnets air flow. Acute bronehitis is usually caused 
by viral or baeterial infeetions. Ghronie bronehitis occurs 
in ehronie asthmaties, and it is eommon in smokers due 
to persistent exposure to irritants in tobaeeo smoke. 

Emphysema (em-fi-sè'-mah) resnlts from long-term 
exposure to airborne irritants, espeeially tobaeeo smoke. 
It is eharaeterized by a rupture of the alveoli, forming 
larger spaees in the lungs, and excess mucus production, 
which plugs terminal bronehioles, trapping air in the alve- 
oli. These ehanges reduce the respiratory surface area and 
impairs gas exchange. 

Exhaling requires voluntary effort by the patient. 
The disease is nneommon except among long-term smok- 
ers, and people with long-term exposure to seeond hand 
smoke. It usually ean be prevented and progressive deteri- 
oration ean be stopped by removing the airborne irritant- 
usually tobaeeo smoke. Otherwise, there is no cure. 

Asthma (az'-mah) is another COPD but differs in 
that rednetion in airflow is usually intermittent rather 
than eonstant. It is eharaeterized by wheezing upon 
exhilation and dyspnea (labored breathing) that result 
from bronehoeonstrietion. It is often caused by an allergie 
reaetion to airborne snbstanees but also may result from 
hypersensitivity to baeteria or virnses infeeting the bron- 
ehial tree. 

The eommon eold is an infeetion of the upper 
respiratory traet. It may be caused by a number of viruses, 
and often involves rhinitis, laryngitis, and sinnsitis. Exces- 
sive mucus production, sneezing, and eongestion are 
eommon symptoms. 

Rhìnìtìs (ri-ni' tis), laryngitis, and sinnsitis are 

the inflammation of the mneosae lining the nasal eavity, 
the larynx, and the sinnses, respeetively. They are eharae- 
terized by an inereased mucus seeretion. Causes may be 
viral or baeterial infeetions or airborne allergens. 

Inflnenza, or flu, is an infeetions disease that may 
involve both the upper and the lower respiratory traets. 
It is caused by one of several virnses. Symptoms are fever, 
ehills, headaehe, and muscular aehes, followed by eold- 
like symptoms. In eomparison to the eommon eold, the 
effeets of inflnenza are much more severe and may lead to 
the development of pnenmonia. 

Pnenmonia (nu-mòn'-yah) is an acute inflamma- 
tion of the alveoli that may be caused by viral or baeterial 
infeetions. The alveoli beeome filled with fluid, patho- 
gens, and white blood eells, which reduce spaee for air 
exchange. Blood oxygen levels may be greatly redneed. 
Pnenmonia is one of the eommon causes of death among 
older people. ÍÀPlR] 

Plenrisy (pler'-i-sè) is inflammation of the plenrae. 
It often resnlts in a deerease in seeretion of plenral fluid, 
which causes sharp pains with eaeh breath. Plenrisy ean 


also cause the opposite effeet: an inerease in plenral fluid 
seeretion. This type exerts pressnre on the lungs and 
impairs expansion of the lungs. 

Tuberculosis (tu-ber"-ku-lò'-sis) is an inflamma- 
tion caused by the bacterium Myeobaeteriam mberenlosis, 
which is transmitted by inhalation. When it infeets the 
lungs, the destroyed lung tissue is replaeed by dense 
irregnlar eonneetive tissue that retards gas exchange and 
rednees lung elastieity. Eormnately, modern drugs are 
effeetive in treating this disease. 


Noninflaniinatery Disorders 

Lung eaneer is the seeond most eommon eaneer and 
the leading cause of death from eaneer in Ameriean 
males and females. It usually develops from long-term 
exposure to irritants, and the most eommon irritant 
prodneing this malignaney is tobaeeo smoke. The link 
between lung eaneer and eigarette smoking has been 
firmly established. Lung eaneer metastasizes rapidly and 
is not usually deteeted until it has spread to other parts 
of the body. Treatment inelndes snrgieal removal of the 
diseased lung, if deteeted prior to metastasis, and ehemo- 
therapy. More than 90% of lung eaneers occur in smok- 
ers, so the most effeetive prevention is the elimination of 
eigarette smoking. 

Pulmonary edema is the accumulation of fluid 
in the lungs. It resnlts from excessive fluid passing from 
alveolar eapillaries into the alveoli, which may be due 
to eongestive heart failnre. Symptoms inelnde labored 
breathing and a feeling of snffoeation. Treatment inelndes 
administration of oxygen, dinreties, drugs that dilate the 
bronehioles, snetioning air passageways, and meehanieal 
ventilation. 

Pulmonary embolìsm refers to a blood elot or gas 
bubble that bloeks a small artery in the lung and prevents 
blood from reaehing a portion of a lung. Gas exchange 
eannot occur in the affeeted parts of the lung. A massive 
embolism affeeting a large portion of a lung may cause 
eardiae arrest. 

Infant respiratory dìstress syndrome (IRDS), 

or hyaline membrane disease, is a disease of newborn 
infants, espeeially prematnre infants. It resnlts from an 
insnffieient prodnetion of snrfaetant in the alveoli, leading 
to alveolar eollapse. 

At birth, the respiratory system of an infant goes 
throngh a transition from a nonfnnetional, fluid-filled 
system to a fonetional, air-filled system. Normally, an 
infanTs first breath is the most diffienlt beeanse it must 
open the eollapsed alveoli. Sneeeeding breaths are easier 
beeanse snrfaetant keeps the alveoli open after expira- 
tion. Without adequate surfactant, alveoli tend to eol- 
lapse at eaeh expiration and the infant must expend 
a great amount of energy to foree them open at eaeh 
inspiration. 
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14.1 Structures of the Respiratory 

System 

• The major structures of the respiratory system are the 
nose, pharynx, larynx, traehea, bronehi, and lungs. 

• The external portion of the nose is snpported by bone 
and nasal eartilage, whereas the nasal eavity is surrounded 
by skull bones. The nasal eonehae inerease the snrfaee 
area of the eiliated mucosa that lines the nasal eavity. 

• Air enters and leaves the nasal eavity via the nostrils. 
Inhaled air is filtered, warmed, and moistened by the 
mucosa of the nasal eavity. 

• The pharynx is a short passageway for both air moving 
between the nasal eavity and the larynx and food passing 
from the mouth to the esophagus. The pharyngeal, lin- 
gual, and palatine tonsils are clumps of lymphoid tissue 
assoeiated with the pharynx. 

• The larynx is a eartilaginons box that eondnets air between 
the pharynx and the traehea, and it houses the voeal folds. 
During swallowing, the epiglottis prevents food from 
entering the larynx and direets it into the esophagns. 

• The traehea extends from the larynx into the thoraeie 
eavity, where it branehes to form the main bronehi, 
which enter the lungs. 

• The bronehial tree eonsists of main, lobar, segmental, and 
smaller bronehi. They are snpported by eartilaginons rings 
and are lined with eiliated mneosae. Bronehioles are eom- 
posed of smooth muscle lined with non-eiliated mneosae. 
Bronehi and bronehioles earry air into and out of the 
alveoli. They filter, warm, and moisten the inhaled air. 

• Lungs fill most of the thoraeie eavity. They eonsist of air 
passageways of the bronehial tree and bronehioles, alve- 
oli, blood and lymphatie vessels, nerves, and eonneetive 
tissnes. Gas exchange occurs between air in the alveoli 
and the blood in the alveolar eapillaries. 

• Snrfaetant in the alveoli prevents the eollapse of the alveoli. 

• The viseeral plenrae eover the external snrfaees of the 
lungs, and the parietal plenrae line the internal wall of 
the thoraeie eage. The plenral eavity is the potential 
spaee between plenrae and is filled with plenral fluid. 

14.2 Breathing 

• Breathing involves inspiration and expiration. Air moves 
into and out of the lungs along a pressnre gradient. 

• Quiet inspiration resnlts from eontraetion of the 
diaphragm and external intereostals, which inereases the 
volume and deereases the pressnre within the thoraeie 
eavity and lungs. The higher atmospherie pressnre causes 
air to flow into the lungs until the atmospherie and intra- 
alveolar pressnres are equalized. A foreehil inspiration 
also involves the eontraetion of neek and ehest mnseles. 

• Quiet expiration resnlts from relaxation of these mnseles, 
which deereases the volume and inereases the pressnre 
within the thoraeie eavity and lungs. The higher 
intra-alveolar pressnre causes air to flow out of the lungs 
until the intra-alveolar and atmospherie pressnres are 


equalized. A foreehil expiration involves the eontraetion 
of internal intereostals and abdominal mnseles. 

14.3 Respiratory Volumes and Gapaeities 

• Respiratory air volnmes vary with size, sex, age, and 
physieal eondition. Variations from the norm usually 
indieate a pnlmonary disorder. 

• The average values for respiratory volumes and 
eapaeities are tidal volume-500 ml; inspiratory reserve 
volume-3,000 ml; expiratory reserve volume-l,100 ml; 
vital eapaeity-4,600 ml; residual volume-1,200 ml; and 
total lung eapaeity-5,800 ml. 

14.4 Gontrol of Breathing 

• Breathing is eontrolled by the respiratory eenters loeated 
in the pons and mednlla oblongata. 

• The two groups of neurons in the mednlla oblongata 
are the ventral respiratory group (VRG) and the dorsal 
respiratory group (DRG). 

• The VRG eontrols the normal rhythmie breathing eyele. 
The DRG integrates sensory input and stimnlates the 
VRG to modify breathing to be faster or slower and 
deeper or shallower. 

• The pontine respiratory group (PRG) in the pons relays 
nerve impnlses, espeeially from higher brain eenters, to 
the DRG and VRG to modify the breathing eyele. 

14.5 Faetors lnfluencing Breathing 

• Ghemoreeeptors in the mednlla oblongata are sensi- 
tive to ehanges in eoneentrations of earbon dioxide and 
hydrogen ions in the eerebrospinal fluid. An inerease 

in their eoneentrations is the primary stimulus for 
inspiration. The breathing rate and depth vary direetly 
with ehanges in blood earbon dioxide and hydrogen ion 
eoneentrations. 

• Ghemoreeeptors in the earotid and aortie bodies are sen- 
sitive to the eoneentration of oxygen, earbon dioxide, and 
hydrogen ions in the blood. Blood oxygen eoneentration 
must be very low to produce a direet effeet on breathing. 

• The stretehing of the bronehi, bronehioles, and viseeral 
plenrae during inspiration triggers the inflation reflex, which 
inhibits excessive inspiration and promotes expiration. 

• Higher brain eenters ean inflnenee the respiratory 
eenters either volnntarily or involnntarily. Sudden 
pain prodnees momentary apnea. Anxiety, fear, and 
excitement inerease the breathing rate. 

• Stimnlation of irritant reeeptors by irritants triggers 
irritant reflexes. 

• The breathing rate varies direetly with ehanges in body 
temperamre. 

14.6 Gas Exchange 

• Gas exchange between air in the alveoli and the blood 
in alveolar eapillaries occurs by difflision, and it is ealled 
alveolar gas exchange. 
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Oxygen diffnses from air in the alveoli into the blood; 
earbon dioxide diffnses from the blood into air in the 
alveoli. 

Gas exchange between tissne eells and blood in systemie 
eapillaries oeenrs by diffnsion, and it is ealled systemie 
gas exchange. 

Oxygen diffnses from the blood into the interstitial flnid 
before entering the tissne eells; earbon dioxide diffnses 
from the tissne eells into the interstitial flnid before 
entering the blood. 

14.7 Transport of Respiratory Gases 

• In the Inngs, oxygen eombines with hemoglobin to form 
oxyhemoglobin. In body tissnes, oxyhemoglobin releases 
oxygen to tissne eells. Abont 98.5% of the oxygen is 
earried as oxyhemoglobin; only abont 1.5% is earried 
dissolved in plasma. 

• Garbon dioxide is mostly earried in biearbonate ions in 
plasma. When earbon dioxide diffnses from tissne eells 


into the blood, 70% of it enters the RBCs. Garbonie 
anhydrase in RBCs eatalyzes the eombination of earbon 
dioxide and water to form earbonie aeid, which ionizes 
to form hydrogen and biearbonate ions. In the Inngs, 
the reaetion reverses to release earbon dioxide into the 
alveoli. 

• 23% of the earbon dioxide is earried as 
earbaminohemoglobin, and 7% of the earbon dioxide 
is earried dissolved in the plasma. 

14.8 Disorders of the Respiratory 

System 

• Gommon inflammatory disorders inelnde bronehitis, 
emphysema, asthma, eommon eold, rhinitis, laryngitis, 
sinnsitis, inflnenza, pnenmonia, mberenlosis, and plenrisy. 
ehronie bronehitis, emphysema, and asthma are COPDs. 

• Gommon noninflammatory disorders inelnde lung eaneer, 
pulmonary edema, pnlmonary embolism, and infant 
respiratory distress syndrome. 


Self-Review 


Answers are loeated in appendix B. 

1. Inhaled air is moistened,_, and warmed by the 

_lining the nasal eavity and the bronehi. 

2. Voeal folds are loeated within the_, and the spaee 

between relaxed voeal folds is the_. 

3. The walls of the traehea and bronehi are snpported by 

_, which are absent in_and alveolar ducts. 

4. The lungs eonsist largely of blood vessels, air passageways, 

and tiny air saes ealled_where gas exchange 

occurs. 

5. The potential spaee between the viseeral and parietal 

plenrae is the_. 

6. Alveoli do not eollapse beeanse_rednees the 

snrfaee tension of water moleenles within alveoli. 


7. During inspiration, air moves into the lungs beeanse 

_pressnre is greater than_pressnre. 

8. The_volume, about_ml, is the amount of 

air inhaled or exhaled in quiet breathing. 

9. The rhythmie eyele of breathing is eontrolled by the 

VRG in the_, and it is inflneneed by the_in 

the mednlla oblongata and the_in the pons. 

10. The rate and depth of breathing inerease when the blood 

levels of_and_inerease. 

11. In the lungs,_moves from alveoli into eapillary 

blood and_moves from eapillary blood into 

alveoli. 

12. In the blood, oxygen is primarily earried as_and 

earbon dioxide is primarily earried as_. 


Crìtìcal ThìnkìnR 

1. Disenss the drawbacks of breathing throngh the mouth rather than throngh the nostrils. 

2. Disenss the detrimental effeets of smoking on the structure and fnnetion of the respiratory system. 

3. If an athlete had a transfnsion of RBCs a few hours before an athletie event, would it provide a physiologieal advantage? Explain. 

4. Explain how strenuous exercise inereases the rate of breathing. 

5. Explain the importanee of earbonie anhydrase in the transport of earbon dioxide. 
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Janet, a young finanee executive, has a 
high-stress job vvorking in one of the top 
investment firms in Nevv York City. On an 
average day, she rarely leaves her desk and 
vvorks very long hours, vvhieh keep her from 
regularly exercising. Her days beeome so 
ehaotie that she often forgets to eat and drink 
throughout the day. One day, Janet develops 
some abdominal diseomfort but vvrites it off 
as nothing and continues vvith her day. After 
tvvo more days of diseomfort, Janet realizes 
she has not had a bovvel movement in three 
days. Her 60-year-old mother frequently 
eomplains about being eonstipated but Janet 
never dreamed it vvould happen to her at such 
a young age. At the reeommendation of her 
mother, she inereases her daily vvater intake 
and adds more fiber to her meals. For more 
exercise, Janet begins vvalking vvith a eovvorker 
at lunch. She even enrolls in a yoga elass that 
meets tvviee per vveek to help manage her 
stress level. VVithin a couple of vveeks, Janet's 
symptoms are eompletely relieved and she 
makes a mental promise to herself to never 
allovv her life to abuse her eolon again. 
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SELEGTED KEY TERMS 


Absorption The proeess by which 
nutrients pass from the alimentary 
eanal into the blood. 

Aeeessory organs Organs that 
have a digestive function but are 
not part of the alimentary eanal. 
Aerobie respiration The part 
of eellnlar respiration that does 
require oxygen and mitoehondria. 
Alimentary eanal (aliment = food) 
The tube through which food passes 
from the esophagus to the anus. 
Anaerobie respiration The part 
of cellular respiration that does not 


require oxygen and occurs within 
the eytosol. 

ehyme (ehym = juice) The aeidie, 
semiliquid substance entering the 
small intestine from the stomaeh. 
Dietary Referenee Intake (DRl) 
Referenee values used for planning 
and assessing nntrient intake. 
Digestion (digest = to dissolve) 
Meehanieal and ehemieal proeesses 
that eonvert nonabsorbable food 
into absorbable nntrient moleenles. 
Mastieation Proeess of chewing 
food. 


Nntrient (nutri = to nourish) 

A substance required for body eells 
to fìmetion. 

Peristalsis (peri = around; stalsis = 
eonstrietion) Wavelike eontraetions 
that move lumen eontents throngh 
the alimentary eanal. 

Segmentation Loealized 
eontraetions used to mix ehyme 
with digestive seeretions. 

Sphineter (sphin = squeeze) A ring 
of smooth or skeletal muscle tissue 
that eontraets to elose an opening 
and relaxes to ereate an opening. 


BODY GELLS REQUIRE a continuous supply of nntrients 

in order to earry out their vital fìanetions. Nntrients are 
obtained throngh our diet and inelnde earbohydrates, 
proteins, lipids, vitamins, minerals, and water. Beeanse 
most food moleenles are too large to pass direetly into 
the blood, they must be digested to break them down 
into absorbable nntrient moleenles. Digestion of food and 
absorption of nntrients are the major fnnetions of the 
digestive system. 

The digestive sgstem eonsists of the alimentary 
eanal (or digestive traet), a long tube through which 
food passes, and aeeessorg organs. The major parts of 
the alimentary eanal are the esophagns, stomaeh, small 
intestine, and large intestine, althongh the mouth and 
pharynx are usually included in most disenssions beeanse 
of their role in the digestive proeess. The major aeeessory 
organs are the teeth, salivary glands, liver, gallbladder, and 
panereas (figure 15.1). 


15.1 Digestion: An Overvievv 

Learning Objeetives 

1. Compare meehanieal and ehemieal digestion. 

2. Deseribe the role of digestive enzymes. 

Digestion involves both meehanieal and ehemieal pro- 
eesses. Meehanieal digestion is the physieal breakdown of 
food into smaller pieees, which provides a greater snrfaee 
area for eontaet with digestive seeretions. ehemieal digestion 
is the splitting of complex, nonabsorbable food mole- 
cules into small, absorbable nntrient moleenles throngh 
the addition of water-a proeess known as hgdrolgsis 
(hi-droL-i-sis). Beeanse hydrolysis is normally very slow, it 
is the aetion of digestive enzymes that speeds up ehemieal 


digestion and enables the formation of small, absorbable 
nntrient moleenles within the alimentary eanal. Ghemieal 
digestion may be snmmarized as follows. ÍÀPIR] 


Nonabsorbable 
food moleeoles 


+ VVater 


Digestive enzymes 



Absorbable 

notrient 

moleeoles 


A number of different types of enzymes are involved 
in ehemieal digestion. Eaeh type of digestive enzyme aets 
on a speeifie type of food moleenle, or substrate, and 
speeds up its breakdown into smaller nntrient moleenles. 
A series of digestive reaetions involving several digestive 
enzymes from different parts of the digestive system are 
usually required to break down complex food moleenles 
into absorbable nntrient moleenles. 

15.2 Alimentary Ganal: 

General Characteristics 

Learning Objeetive 

3. Deseribe the four layers eomposing the wall of the 
alimentary eanal and their functions. 

The alimentary eanal is a muscular tube about 5 m (20 ft) 
in length that extends from the esophagns to the anus. 
Various portions of the alimentary eanal are speeialized to 
perform different digestive fnnetions. The hollow spaee 
within the alimentary eanal throngh which food passes is 
ealled the lamen. 

Structure of the Wall 

The wall of the alimentary eanal eonsists of four layers. 
From superficial to deep, the layers are ealled the serosa. 
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Figure 15.1 Major Organs of the Digestive System. 


muscular layer, submucosa, and mucosa. These layers 
may be modified in the varions regions but remain as dis- 
tinet layers. Gompare figure 15.2 to the discussion that 
follovvs. 

The serosa is the most snperfieial layer. It eonsists of 
the viseeral peritoneam and is continuous with the parietal 
peritoneam, which lines the internal snrfaee of the abdom- 
inal wall. Cells of the peritonenm seerete peritoneal fluid, 
which keeps the membrane snrfaees moist and rednees 
frietion as parts of the alimentary eanal rub against eaeh 
other and the abdominal wall. 

The muscular layer lies just deep to the serosa. 
It eonsists of two layers of smooth muscle that differ 
in the orientation of their muscle eells. Muscle eells of 


the more superficial muscular layer are arranged longi- 
mdinally. Their eontraetions shorten the mbe. Muscle 
eells of the deeper muscular layer are arranged eirenlarly 
around the mbe. Their eontraetions eonstriet the mbe. 
The hmetions of muscular layer are discussed next in the 
'Movements'' seetion. 

The submucosa lies between the muscular layer 
and the mucosa. It eontains nerves, mucous glands, lym- 
phatie vessels, and blood vessels embedded in areolar eon- 
neetive tissue. 

The deepest layer is the mucosa. It eonsists of an 
epithelinm that is in direet eontaet with the lumen and 
is snpported by areolar eonneetive tissue eontaining a 
few smooth muscle eells. The epithelium is ofeen folded 
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Figure 15.2 The wall of the alimentary eanal eonsists of four layers as shown here in a seetion of the small intestine. 
From superficial to deep, they are the serosa, muscular layer, submucosa, and mucosa. 


to inerease the snrfaee area that is in eontaet with food. 
The mneosa has different fnnetions in different parts of the 
alimentary eanal. In some regions, it seeretes only mucus, 
which proteets underlying eells. In others, it seeretes 
mucus and digestive seeretions eontaining enzymes and 
absorbs nntrients. 

Mevements 

Gontraetion of the smooth muscle layers produces two 
different types of movement in the alimentary eanal: 
mixing movements and propelling movements. Mix- 
ing movements are ealled segmentation and involve 
ringlike eontraetions followed by relaxation at mnltiple 
plaees along the alimentary eanal. The alternating seg- 
mental eontraetions help to mix the food with the diges- 
tive seeretions. These are espeeially frequent in the small 
intestine. 


The movement that propels food throngh the alimen- 
tary eanal is ealled perìstalsìs (per-i-staT-sis). In peristalsis, 
eoordinated eontraetion and relaxation of the eirenlar and 
longimdinal muscular layers produce a wave of eontrae- 
tion along the alimentary eanal that pushes the food in 
front of it. The movement resembles pnshing toothpaste 
along a toothpaste tube towards its opening. In this way, 
peristaltie eontraetions move food from one portion of the 
alimentary eanal to another. 



eheek 



Understandinq 



1. What organs eompose the alimentary eanal? 

2. What is ehemieal digestion? 

3. How is food moved throngh the alimentary eanal 
and what layer of the wall aids in this movement? 



































































330 ehapter 15 Digestive System 


15.3 Mouth 

Learning Objeetives 

4. Gompare deciduous and permanent teeth. 

5. Deseribe the basie structure of a tooth. 

6. Deseribe digestion in the mouth. 

The momh, or oral eavity, is involved in the intake of food 
(ingestion), meehanieally breaking it into small pieees, 
mixing it with saliva to begin ehemieal digestion, and 
swallowing it. The month is snrronnded by the eheeks, 
palate, and tongne. Examine fignres 15.3 and 15.4. 


Palate 

Reeall from ehapter 14 that the palate forms the roof of 
the month and separates the oral eavity from the nasal 
eavity. The hard palate provides proteetion to the nasal 
eavity while chewing, in addition to allowing simnltane- 
ous breathing and chewing. The soft palate ends poste- 
riorly in a eone-shaped avala that extends inferiorly at 
the baek of the oral eavity. The uvula is very sensitive to 
touch stimuli. This sensitivity causes the soft palate to 
move superiorly during swallowing, which eloses off the 
nasal eavity and direets food inferiorly into the pharynx. 
The uvula also plays a role in triggering the gag reflex. 


eheeks 

The eheeks form the lateral walls of the mouth. Skin eovers 
their external snrfaees, and nonkeratinized stratified squa- 
mous epithelium lines their internal snrfaees. The eheeks 
help to hold food within the mouth, while eontraetions 
of mnseles within them prodnee faeial expressions. The 
anterior portions of the eheeks form the lips, which sur- 
round the opening into the mouth. Lips are sensitive, 
highly mobile strnemres with important roles in produc- 
ing speeeh and deteeting touch and temperamre stimnli. 
Their pinkish eolor resnlts from numerous blood vessels 
near their snrfaees. 


Dpper lip 


Hard palate 

Soft palate 
Uvula 

Palatine 

tonsils 

Tongue 


Oral 

vestibule 

Lower lip 



Figure 15.3 Major Structures Assoeiated with the 
Mouth. 


Tongue 

The tongae eovers the floor of the oral eavity. It is eom- 
posed primarily of skeletal muscle that is eovered by a 
mucous membrane. An anterior fold of the mucous 
membrane on the inferior snrfaee of the tongue attaehes 
the tongue to the floor of the mouth. This membranous 
attaehment, known as the frenalam (fren'-u-lum) of the 
tongae, limits the posterior movement of the tongue. 

Sometimes the frenulum of the tongue is too short 
and restriets tongue movements that are required for 
normal speeeh. A person with this problem is said to 
be 'Tongue-tied.'' Cutting the frenulum of the tongue to 
allow freer movement usually solves the problem. 

The superior surface of the tongue eontains numer- 
ous tiny projeetions ealled lìngual papìllae (pah-pil'-è) 
that are the loeations for taste buds, the sensory reeeptors 
for the sense of taste. Lingnal papillae also give the tongue 
a rough texture, which aids in its manipnlation of food dur- 
ing chewing and in mixing food with saliva. In swallowing, 
the tongue pushes food posteriorly into the pharynx. The 
tongue possesses lingaal glands that produce an enzyme 
ealled lingaal lipase. Lingnal lipase aids in the digestion 
of triglyeerides into fatty aeids and glyeerides within the 
aeidie environment of the stomaeh. The movement of the 
tongue is also important for the prodnetion of speeeh. 

Teeth 

Teeth are important aeeessory digestive strnemres that 
meehanieally break food into smaller pieees during 
mastìeatìon (mas-ti-kà'-shun), or chewing. Humans de- 
velop two sets of teeth: deciduous and permanent teeth. 

The deciduous teeth, the first set, start to erupt 
through the gums at about six months of age. Gentral ineisor 
(in-si -zers) teeth eome in first, and seeond molar teeth erupt 
last. There are 20 deciduous teeth, 10 in eaeh jaw, and all of 
them are in plaee by three years of age. Deciduous teeth are 
gradually shed starting at about six years of age, and they are 
usually lost in the same order in which they emerged. 

The permanent teeth begin appearing at about 
six years of age when the first molar teeth (six-year molar 
teeth) erupt. All of the permanent teeth, except the third 
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Figure 15.4 The structural relationships of the nasal eavity, mouth, pharynx, esophagus, and larynx are shovvn in 
sagittal seetion. The pharynx is outlined by the blaek dotted line. lAPl^ 


molar teeth, are in plaee by age 16. The third molar teeth 
(vvisdom teeth) erupt betvveen 17 and 21 years of age, or 
they may never emerge. In many persons, there is insuf- 
fieient room for the third molar teeth, so they beeome 
impaeted and often must be surgically removed. The 32 
permanent teeth, 16 in eaeh javv, eonsist of four differ- 
ent types: ineisor teeth, eanine teeth, premolar teeth, and 
molar teeth (figure 15.5). 

The ehisel-shaped ineisor teeth are adapted for biting 
off pieees of food. The eanine teeth are used to grasp and 
tear tough food morsels. The somevvhat flattened snrfaees 
of the premolar teeth and molar teeth are used to crush and 
grind food. Examine figure 15.5 and table 15.1. 

Figure 15.6 shovvs the basie structure of a tooth. Eaeh 
tooth eonsists of tvvo major parts: a root and a erovvn. The 
eroivn is the portion of the tooth that is exposed and not 
eovered by the gingiva (jin-ji-vah), or gum, eovering the 
nnderlying bone. The root is embedded in a soeket, ealled 
an alveolas. A hard snbstanee ealled eement attaehes the 
root, throngh tough periodontal ligaments, to the alveolus. 
The junction of the erovvn and root is knovvn as the neek 
of the tooth. 

Most of a tooth is eomposed of dentin, a hard, bone- 
like snbstanee. The erovvn of the tooth has a layer of enamel 
overlying the dentin. Enamel is the hardest snbstanee in the 
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Figure 15.5 There are 32 permanent teeth, 16 in eaeh 
jaw. Note the loeation and shape of the ineisor teeth 
and molar teeth. &P|R] 
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Table 15.1 Deciduous and Permanent Teeth 


Type 

Number 

Deciduous Permanent 

Indsor teeth 

Gentral 

4 

4 

Lateral 

4 

4 

eanìne teeth 

4 

4 

Premolar teeth 

First 

0 

4 

Seeond 

0 

4 

Molar teeth 

First 

4 

4 

Seeond 

4 

4 

Third 

0 

4 

Totals 

20 

32 


Gingiva 

Alveolus 


Root 


Pulp eavity 
Enamel Dentin of the crown 



Crown 


Neek 


Periodontal 

ligaments 


Root eanal 
Gement 


Figure 15.6 The structure of a tooth is shovvn in this 
seetion of a molar tooth. |APIR] 

body and it is appropriately loeated to resist the abrasion 
eansed by chewing hard foods. Eaeh tooth is snpplied with 
blood vessels and a nerve, which enter the tip of a root and 
pass throngh a tnbnlar root eanal into the palp eavity of the 
eroivn, a eentral spaee in the crown of a tooth. Together the 
pulp eavity of the crown and the root eanal form the palp 
eavity of the tooth. In a molar tooth, the pulp eavity of the 
crown is relatively large and ronghly box-shaped. But in a 
eanine tooth, the pulp eavity of the crown is an elongated 
enlargement of the root eanal. Dental palp is soft areolar 
eonneetive tissue that fills the pulp eavity and snpports the 
blood vessels and nerves. 



Enamel and dentin are not replaeed after they 
have been eroded by tooth deeay. The repair of 
a deeayed tooth requires removal of the deeayed 
material, sterilization of the area, and the insertion 
of a filling. A filling seals the area and provides an 
abrasion-resistant surface. 



Salivary Glands 

The salivary glands seerete salìva into the mouth, 
where it is mixed with food during chewing. Varions 
stimnli, such as the thought or smell of food and the pres- 
enee of food in the mouth, aetivate a positive-feedbaek 
meehanism that leads to the prodnetion and seeretion of 
saliva. Saliva eonsists mostly of water (99.5%), plus a small 
amount of other snbstanees. The watery namre of saliva 
allows it to dissolve food snbstanees and elean snrfaees 
within the mouth. The sense of taste is dependent upon 
saliva beeanse only dissolved ehemieals ean stimnlate taste 
buds (see ehapter 9). The mucus in saliva helps to hold 
food partieles together during chewing and swallowing, 
in addition to providing inbrieation. Saliva also eontains 
many enzymes. One major enzyme in saliva is salivary 
amylase, which is a digestive enzyme that initiates ear- 
bohydrate digestion in the mouth. Another major enzyme 
is lysozyme, which kills eertain types of baeteria. There 
are three pairs of major salivary glands: the parotid, sub- 
mandibular, and sublingual salivary glands (figure 15.7). 

The largest salivary glands are the parotid (pah-rot'-id) 
ylands. A gland is loeated anterior to eaeh ear snperfieial 
to the masseter muscle. Parotid glands seerete saliva that 
is rieh in salivary amylase. Parotid seeretions are emptied 
throngh a duct into the oral vestibnle near the snperior 
seeond molars. The oral vestibnle is the narrow spaee 
between the eheeks, lips, and teeth. 

The sabmandibalar (sub-man-dib'-u-lar) ylands are 
found in the floor of the mouth. They produce a watery 
saliva that eontains relatively little mucus. Seeretions of 
the submandibular glands are emptied throngh ducts into 
the anterior part of the mouth at the base of the frenulum 
of the tongue. 

The sablinyaal (sub-ling'-gwal) ylands lie on the floor 
of the mouth inferior to the tongue. They are the small- 
est of the major salivary glands. Their seeretions eonsist 
mostly of mucus, and they are emptied by several ducts 
into the floor of the mouth inferior to the tongue. 

Digestion and Absorption 
in the Mouth 

Both meehanieal and ehemieal digestion take plaee in 
the mouth. Meehanieal digestion in the mouth eonsists 
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Figure 15.7 The Major Salivary Glands. 


of breaking food into smaller pieees and mixing it with 
saliva dnring mastieation. This improves ehemieal diges- 
tion beeanse the smaller pieees have an inereased sur- 
faee area upon which digestive seeretions may aet. 
ehemieal digestion starts in the mouth with the break- 
down of eertain polysaeeharides. Salivary amylase aets 
on stareh and glyeogen and speeds up their breakdown 
into maltose, a disaeeharide. The aetion of salivary amy- 
lase eontinnes for a few minntes after food enters the 
stomaeh, but it soon stops when it is inaetivated by the 
strong aeidity of gastrie juice. Although lingual lipase is 
seereted by the tongue, its aetions take plaee primarily 
within the stomaeh. Althongh the primary site of nutri- 
ent absorption is the small intestine, absorption of some 
vitamins, monosaeeharides, aleohol, and eertain types of 
drugs does occur in the mouth. 



eheek 



IJnderstanding 



4. What is the structure of a tooth? 

5. What are the eomponents and fnnetions of saliva? 

6. What digestive proeesses occur in the mouth? 

V___ J 


15.4 Pharynx and Esophagus 

Learning Objeetives 

7. Deseribe the loeation and function of the pharynx. 

8. Deseribe the loeation and function of the esophagus. 

The pharynx (fayr'-inks) is the passageway that eonneets 
the nasal and oral eavities with the larynx and esophagns. It 
is part of both the respiratory and the digestive systems. Its 
digestive fnnetion is the transport of food from the mouth 
to the esophagus during swallowing (see figure 15.4). 

The swallowing reflex is aetivated when food is 
pushed into the pharynx by the tongue. The soft palate 
moves superiorly, preventing food from entering the nasal 
eavity, and direets food inferiorly into the pharynx. At the 
same time, muscle eontraetions elevate the larynx, which 
causes the epiglottis to fold over and eover the opening 
into the larynx. This aetion prevents food from entering 
the larynx and direets it into the esophagns. 

The esophagus (é-sof'-ah-gus) is a muscular tube 
that extends from the pharynx inferiorly throngh the 
mediastinnm and the diaphragm to join with the stom- 
aeh. When food is swallowed and enters the esophagns. 
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Failure of the LES to elose properly allovvs for gas- 
trie seeretions to regurgitate into the inferior esopha- 
gus. The gastroesophageal reflux (GER) irritates the 
esophageal lining and usually produces a burning 
sensation ealled “heartburn.” Causes of GER include 
malfunction of the LES, aleohol consumption, smok- 
ing, and excess aeid production in the stomaeh. 
Avoiding foods that stimulate aeid production in the 
stomaeh, such as eaffeine and tomatoes, ean reduce 


GER symptoms. Medieations that neutralize stomaeh 
aeid or reduce its production ean also alleviate GER 
symptoms. GER that occurs ehronieally may indieate 
a more serious eondition ealled Gastroesophageal 
Reflux Dìsease (GERD). The ehronie esophageal irrita- 
tion assoeiated vvith GERD ean lead to cellular ehanges 
that inerease a person’s risk of esophageal eaneer 
or Barrett esophagus, vvhieh involves ehanges in the 
esophageal lining to resemble that of the intestine. 


peristaltie eontraetions propel the food toward the stom- 
aeh. The esophageal mneosa prodnees mucus to lubricate 
the esophagus and aid the passage of food. 

At the jnnetion of the esophagns and stomaeh, the 
loiver esophageal or eardiae, sphineter (sfink'-ter) prevents 
regnrgitation of stomaeh eontents into the esophagns. 
But when the peristaltie wave that is propelling food 
toward the stomaeh reaehes the sphineter, it relaxes and 
allows food to enter the stomaeh. The lower esophageal 
sphineter (LES) is a physiologieal sphineter rather than 
an anatomieal one beeanse it is not seen in eadavers. It is 
believed to be caused by muscle tone within the esopha- 
gus or surrounding diaphragm. [APlF^ 



eheek 



IJnderstanding 



7. How does the swallowing reflex push the food to 
the esophagus? 

8. How does the esophagus earry food to the stomaeh? 

V___ J 


15.5 Stomaeh 

Learning Objeetives 

9. Deseribe the structure and functions of the stomaeh. 
10. Explain the eontrol of gastrie seeretions. 


As shown in figure 15.8, the J-shaped stomaeh is a 
pouchlike portion of the alimentary eanal. It lies just infe- 
rior to the diaphragm in the left upper quadrant of the 
abdominopelvie eavity. The basie fnnetions of the stom- 
aeh are temporary storage of food, mixing food with gas- 
trie juice, and starting the ehemieal digestion of proteins. 


Structure 

The stomaeh may be snbdivided into four regions: the 
eardia, fundus, body, and pylorie part. The eardia (elosest 
to the heart) is a relatively small area that reeeives food 
from the esophagns. The fandas expands snperior to the 
level of the eardia and serves as a temporary storage area. 
The body is the largest region of the stomaeh, and it is 


Duodenum 


Lovver esophageal 
sphineter 


Esophagus 


Gardia of 
stomaeh 



Pylorie part 
of stomaeh 


Fundus of 
stomaeh 


Body of 
stomaeh 

Gastrie 

rugae 


Figure 15.8 The pouchlike stomaeh reeeives food 
from the esophagus and releases ehyme into the 
duodenum. 


loeated between the fundus and pylorie part. The pylorie 
part is the narrow portion loeated near the jnnetion with 
the duodenum. 

The pylorie sphineter is a thiekened ring of eirenlar 
muscle eells that is loeated at the junction of the stomaeh 
and duodenum. This muscle usually is eontraeted, elosing 
the stomaeh outlet, but it relaxes to let stomaeh eontents 
pass into the small intestine. 

The stomaeh possesses some speeializations to 
aeeommodate its fnnetions. The muscular layer eontains a 
third layer of oblique muscle eells, which allows the stom- 
aeh to better mix food with gastrie seeretions. The mucosa 
is quite thiek, when eompared to other organs of the ali- 
mentary eanal. In an empty stomaeh, the mucosa and sub- 
mucosa are organized into numerous folds ealled gastrie 
ragae (ru-jè). These folds allow the lining to streteh as the 
stomaeh fills with food. The mucosa is dotted with numer- 
ous pores ealled gastrie pits. Gastrie pits reeeive seeretions 
from gastrie glands that extend deep into the mucosa. 
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Figure 15.9 (a) An enlargement of the gastrie glands shovvs the loeations of mucous neek eells, parietal eells, and 
ehief eells. (b) The thiek stomaeh mucosa is dotted vvith gastrie pits, openings that reeeive the seeretions from the 
gastrie glands. 


Gastrie Juice 

The seeretion of the gastrie glands is known as gastrie 
juice. Maeoas neek eells, loeated near the opening to the 
gastrie pit, seerete mucus to eoat and proteet the mucosa 
from the aetion of digestive seeretions. Chief eells, loeated 
in the deepest portions of the gastrie glands, seerete the 
digestive enzymes pepsinogen (inaetive form of pepsin), 
gastrie lipase, and rennin. Parietal eells, loeated in the mid- 
portion of the gastrie glands, seerete hydroehlorie aeid 
(HC1) and intrinsie faetor (figure 15.9). 

As food is mixed with gastrie juice and as ehemieal 
digestion occurs, it is eonverted into an aeidie, semiliquid 
substance ealled ehyme (kim). Small amonnts of ehyme 
are released intermittently into the duodenum by the 
relaxing of the pylorie sphineter. 

eontrol of Gastrie Seeretion 

The rate of gastrie seeretion is eontrolled by both neural 
and hormonal means and is a good example of a positive- 
feedbaek meehanism. Gastrie juice is produced continu- 
ously, but its seeretion is greatly inereased whenever food 
is on the way to, or already in, the stomaeh. The sight, 
smell, or thonght of appetizing food, food in the mouth, 
or food in the stomaeh stimnlates the transmission of 


parasympathetie nerve impnlses that inerease the seere- 
tion of gastrie juice. These nerve impnlses also, along with 
food in the stomaeh and stomaeh stretehing, stimnlate 
eertain stomaeh eells to seerete a hormone ealled gastrin. 
Gastrin is absorbed into the blood and is earried to gastrie 
glands, inereasing their seeretions (figure 15.10). 

As stomaeh eontents are gradnally emptied into 
the small intestine, there is a deerease in the frequency 
of parasympathetie nerve impnlses and an inerease in the 
frequency of sympathetie nerve impnlses to the stom- 
aeh, which rednees the seeretion of gastrie juice. When 
ehyme passes from the stomaeh into the small intestine, it 
stimnlates the intestinal mucosa to release two hormones: 
eholeeystokinin (kò-lè-sis-tò-kin'-in) (CCK) and seeretin 
(se'-krè'-tin), which reduce both the motility of the stom- 
aeh and the seeretion of gastrie juice. 

Digestion and Absorption 

Food entering the stomaeh is thoronghly mixed with gas- 
trie juice by ripplelike, mixing eontraetions of the stom- 
aeh wall. Gastrie juice is very aeidie (pH 2) due to an 
abnndanee of HGl. Pepsin is the most important diges- 
tive enzyme in gastrie juice, and it is seereted in an inae- 
tive form that prevents digestion of the eells seereting it. 
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( 2 ) Parasympathetie 
postganglionie nerve 
impulses stimulate 
the release of gastrie 
juice from gastrie 
glands 


(T) Parasympathetie 
preganglionie axon 
(in vagus nerve) 


Release into 
bloodstream 

Stimulation 


( 4 ) Gastrin stimulates 
gastrie glands to 
release more gastrie 
]uice 


( 3 ) Parasympathetie 
postganglionie nerve 
impulses stimulate 
the release of gastrin 



Gastrie ulcers produce stomaeh pain one to three 
hours after eating. Without treatment, they ean per- 
foratethestomaeh wall, producing internal bleeding 
or peritonitis. Gastrie ulcers result from persistent 
erosion of the alkaline mucus that eoats the stom- 
aeh lining. Most recurring gastrie ulcers are caused 
by an aeid-resistant bacterium, Helieobaeter pylori, 
which erodes the proteetive mucosa, allowing gas- 
trie juice to attaek deeper eells. Other contribut- 
ing faetors that promote HCI seeretion or reduce 
mucus production include stress, smoking, aleohol, 
eoffee, aspirin, and nonsteroidal antiinflammatory 
drugs. Treatment involves antibioties to kill the bae- 
teria and drugs to reduce gastrie seeretion. 



15.6 Panereas 


Figure 15.10 Neural and hormonal eontrol of gastrie 
seeretions. 


Learning Objeetive 

11. Deseribe the eontrol and functions of panereatie 
seeretions. 


Onee it is released into the stomaeh, pepsin is aetivated 
by the strong aeidity of gastrie jniee. Pepsin aets on pro- 
teins and breaks these complex moleenles into shorter 
amino aeid ehains ealled peptides. However, peptides are 
still much too large to be absorbed and require hirther 
digestion in the small intestine. 

Gastrie juice eontains a snbstanee knovvn as intrinsie 
faetor that is essential for the absorption of vitamin B12 
by the small intestine. 

The gastrie juice of infants eontains two unique 
enzymes that help to improve the digestion of milk pro- 
teins and lipids. Rennin (ren-in) enrdles milk proteins, 
which keeps them in the stomaeh longer and makes them 
more easily digested by pepsin. Gastrie lipase aets on 
triglyeerides and breaks them into fatty aeids and mono- 
glyeerides. Except for a few snbstanees such as water, 
minerals, some drugs, and aleohol, little absorption occurs 
in the stomaeh. 

When semiliquid ehyme passes from the stomaeh 
into the duodenum, the first part of the small intestine, 
seeretions from the panereas and liver are emptied into the 
duodenum. The seeretions from these aeeessory organs 
play important roles in digestion within the small intestine. 



eheek 



Understandinq 



9. What digestive proeesses occur in the stomaeh? 
10. How are gastrie seeretions eontrolled? 


The panereas is a small, pennant-shaped gland loeated 
posterior to the pylorie part of the stomaeh. It is eonneeted 
by a duct to the duodenum, approximately 10 em distal 
to the pylorie sphineter. The panereas has both endoerine 
and exocrine fnnetions. The majority of the eells within 
the panereas seerete panereatie juice, which is the 
digestive (exocrine) fnnetion of the panereas. Panereatie 
juice is eolleeted by tiny ducts that merge to form large 
ducts, which enter the panereatie duct. The panereatie 
duct extends the length of the panereas and usually forms 
a smaller aeeessory panereatie daet. The panereatie duct 
joins with the bile duct where they both empty their 
seeretions into the duodenum. Their eommon opening is 
eontrolled by the hepatopanereatie sphineter, which dilates 
to allow panereatie juice and bile to enter the duodenum. 
The aeeessory panereatie duct allows panereatie juice to 
enter the duodenum independently of bile (figure 15.11). 

eentrol of Panereatie Seeretion 

Panereatie seeretion, like gastrie seeretion, is eontrolled 
by both neural and hormonal meehanisms. Neural eon- 
trol is via parasympathetie axons. When parasympathetie 
nerve impnlses aetivate the stomaeh mucosa, they also 
stimulate the panereas to seerete panereatie juice. 

Hormonal eontrol of panereatie seeretion resnlts from 
two hormones that stimnlate different types of panereatie 
eells. Aeid ehyme entering the duodenum stimulates the 
intestinal mucosa to release the hormone seeretin. Seere- 
tin is earried by blood to the panereas, where it stimnlates 
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Figure 15.11 The panereas is elosely assoeiated with the liver and duodenum. The inset shows seeretory eells involved 
in the exocrine and endoerine functions of the panereas. 


seeretion of panereatie jniee that is rieh in biearbonate 
ions (fignre 15.12). Biearbonate ions nentralize the aeid- 
ity of the ehyme entering the small intestine. Lipid-rieh 
ehyme stimnlates prodnetion of eholeeystokinin by the 
intestinal mneosa. CCK stimnlates seeretion of panereatie 
jniee that is rieh in digestive enzymes. 

Table 15.2 snmmarizes the major hormones that 
regnlate digestive seeretions. 

Digestion by Panereatie Enzymes 

Panereatie jniee eontains enzymes that aet on eaeh of the 
major elasses of energy foods: earbohydrates, fats, and pro- 
teins. Their digestive aetions oeenr within the small intestine. 

Panereatie amylase, like salivary amylase, aets on 
stareh and glyeogen, splitting these polysaeeharides into 
maltose, a disaeeharide. Maltose, however, is too big to be 
absorbed by the body. 


Panereatie lipase aets on fats (triglyeerides) and 
splits them into monoglgeerides and fattg aeids that are 
absorbable. 

Trypsin is the major panereatie enzyme in panere- 
atie jniee. Trypsin splits proteins into peptides. Like pep- 
sin in the stomaeh, it is seereted in an inaetive form and 
is aetivated only when mixed with intestinal seeretions 
within the small intestine. This mode of seeretion pre- 
vents the panereatie eells from being digested by their 
own enzymatie seeretions. 



eheek 



IJnderstanding 


11. What are the fnnetions of the enzymes in panere- 
atie jniee? 

12. How is panereatie seeretion eontrolled? 

V___ 
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Figure 15.12 Hormonal Gontrol of Panereatie Seeretion. 

Table 15.2 Major Hormones Regulating Digestive Seeretions 


Hormone 

Aetion 

Source 

Gastrin 

Stimulates gastricjuice seeretion 

Gastrie mucosa; parasympathetie nerve 
impulses, stomaeh stretehing, and food in 
the stomaeh stimulate release of gastrin 

Gholeeystokinin 

Recluces gastricjuice seeretion; stimulates seeretion of 
pancreaticjuice that is rieh in digestive enzymes; stimulates 
eontraetion of gallbladder and relaxes hepatopanereatie 
sphineter causing release of bile 

Intestinal mucosa; lipid-rieh ehyme 
stimulates the release of eholeeystokinin 

Seeretin 

Stimulates seeretion of panereatie juice that is rieh in 
biearbonate ions; inhibits gastrie seeretion 

Intestinal mucosa; aeid ehyme stimulates 
the release of seeretin 


15.7 Liver 

Learning Objeetives 

12. Deseribe the loeation and functions of the liver. 

13. Explain how bile release is stimulated. 

The liver is the largest gland in the body. It weighs 
abont 1.4 kg (3 Ib) and is dark reddish brown in eolor. 
The liver is loeated mostly in the right npper quadrant of 
the abdominopelvie eavity just inferior to the diaphragm, 
where it is proteeted by the inferior ribs. 

The liver has many important and vital hmetions, 
though most are not assoeiated with digestion. (1) The 
liver prodnees and seeretes bile, a snbstanee that aids 


in the digestion and absorption of lipids, and heparin, a 
blood antieoagnlant. It also prodnees and seeretes plasma 
proteins (see ehapter 11). (2) The liver plays a eritieal role 
in earbohydrate metabolism. When blood glneose levels 
are elevated, the liver ean eonvert and store the excess 
as glyeogen or triglyeerides. When blood glneose levels 
are Iow, the liver ean eonvert glyeogen, glyeerol, fatty 
aeids, and amino aeids into glneose. (3) As part of lipid 
metabolism, the liver forms lipoproteins for the trans- 
port of fatty aeids, triglyeerides, and eholesterol. It also 
ean synthesize eholesterol and use it to form bile salts. 
(4) As a part of protein metabolism, the liver removes 
the amine groups from amino aeids so that the remain- 
der of the moleenles ean be used in eellnlar respiration 



















Pan 4 Maintenanee of the Body 


Right lobe 



ligament 


(a) Anterior view 


Inferior vena 
eava 


Left lobe 

Faleiform 

ligament 


Hepatie portal 


vein 


Hepatie artery 

proper 

Bile duct 
Gystie duct 

Gallbladder 



Right lobe 


(b) Posterior view 


Hepatie 

triad 


Braneh of 
hepatie portal 

vein 

Braneh of 
hepatie artery 

proper 


lnterlobular 
bile ductule 


Hepatie 

sinusoid 


Hepatoeytes 


Gentral 

vein 



From 

intestinal 

eapillaries 


To hepatie 


Bile 

eanals 


vein 


(e) Portion of a hepatie lobule 


Figure 15.13 Anatomy of the Liver. lÀPlR] 


or in forming glneose and triglyeerides. (5) The liver is 
used for the storage of triglyeerides, glyeogen, iron, and 
vitamins A, D, E, K, and B12. (6) It detoxifies the blood 
by modifying many drugs and toxic ehemieals to form 
less toxic eomponnds. (7) Using phagoeytosis, the liver 
removes worn-out blood eells and any baeteria present. 

The liver is eneased in a dense irregnlar eonneetive 
tissue capsule that, in turn, is eovered by the peritonenm 
for additional snpport. A ligament of dense regnlar eon- 
neetive tissue, ealled the faleiform ligamem, joins the liver 
to the diaphragm and the anterior abdominal wall and 
separates the two main lobes: a larger right lobe and a 


smaller lefe lobe. Several blood vessels and the eommon 
hepatie duct enter or exit the liver from a small area on 
the posterior snrfaee of the liver (figure 15.13). 

The liver reeeives blood from two sources. The 
hepatie arterg proper brings oxygenated blood to the 
hepatoegtes (liver eells). The hepatie portal vein brings deox- 
ygenated, nutrient-rich blood from the digestive traet. As 
blood flows throngh the liver, hepatoeytes remove, mod- 
ify, or add snbstanees to the blood before it leaves the 
liver via the hepatie veins. 

Mieroseopieally, the liver eonsists of multitudes 
of hepatie lobules, which serve as the structural and 
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functional units. Eaeh lobule is a short, roughly hexago- 
nal eylinder with a eentral vein rnnning throngh its eore 
from which thin sheets of hepatoeytes radiate. Hepatie 
triads, loeated at the eorners where several lobnles meet, 
are eomposed of three vessels: a braneh of the hepatie 
artery proper, a braneh of the hepatie portal vein, and a 
small interlobalar bile daetale earrying bile. Between the 
sheets of hepatoeytes are hepatie sinnsoids, blood-filled 
spaees that earry blood from the hepatie artery proper and 
hepatie portal vein to the eentral vein of the lobule. As 
blood flows through the hepatie sinusoids, an exchange 
of materials occurs between the blood and the hepato- 
eytes. Maerophages in the epithelinm lining the sinnsoids 
remove eellnlar debris and baeteria. The eentral veins of 
the lobnles nltimately merge to form the hepatie veins. 

As noted, the prodnetion of bile is the only diges- 
tive fnnetion of the liver. Bile is eolleeted in tiny ducts that 
merge to form the interlobular ductules of the hepatie triads, 
which in turn unite to form the right and left hepatie dnets 
exiting the right and left lobes of the liver. The right and 
left hepatie ducts merge to form the eommon hepatie duct, 
which earries bile out of the liver. The eommon hepatie 
duct and the egstie duct, a short duct that extends from the 
gallbladder, merge to form the bile duct, which earries bile 
to the duodenum. The eystie duct earries bile to and from 
the gallbladder, a small, pear-shaped sae that stores bile 
temporarily between meals (fignres 15.11 and 15.13). 

Bile 

Hepatoeytes continuously produce bile, a yellowish green 
liquid. Bile eonsists of water, bile salts, bile pigments, eho- 
lesterol, and minerals. Bile pigments, such as yellow-colored 
bilirubin, are waste prodnets of hemoglobin breakdown 
that are excreted throngh bile (see ehapter 11). Jaundice 
is a medieal eondition in which too much bilirubin is eir- 
enlating in the blood due to liver or kidney malfnnetion 
or excessive red blood eell destrnetion. The excess biliru- 
bin ends up being deposited within the skin, eornea, and 
mucous membranes, eansing yellow diseoloration. 

Bile salts are the only bile eomponents that play a 
digestive role. When in eontaet with fatty snbstanees, 
they break up large fat globules into very small droplets, a 
proeess ealled emnlsifieation (é-mul-si-fi-kà'-shun). Emnlsifi- 
eation greatly inereases the snrfaee area of the fats exposed 
to water and lipases. In this way, bile salts aid the digestion 
of fats. Bile salts also aid the absorption of fatty aeids, eho- 
lesterol, and lipid-soluble vitamins by the small intestine. 


Release of Blle 

Bile normally enters the duodenum only when ehyme is 
present. When the intestine is empty, the hepatopanere- 
atie sphineter at the base of the bile duct eonstriets, which 
forees bile to enter the gallbladder for temporary storage. 


When lipid-rieh ehyme enters the duodenum, it stim- 
ulates the release of eholeeystokinin from the intestinal 
mucosa. CCK is earried by the blood to the gallbladder, 
where it stimulates eontraetion of mnseles in the gallblad- 
der wall. The eontraetions ejeet bile from the gallbladder 
into the bile duct. CCK also relaxes the hepatopanereatie 
sphineter so bile is injeeted into the small intestine. Note 
that this hormonal eontrol releases bile only when it is 
needed in the small intestine (figure 15.14). 




13. Where is the liver loeated? 

14. What is the digestive hinetion of the liver? 

15. How is bile release eontrolled? 



J 


15.8 Small Intestìne 

Learning Objeetives 

14. Deseribe digestion in the small intestine. 

15. Explain how the end products of digestion are absorbed. 

The small intestine is about 2.5 em (1 in) in diameter and 
4 to 5 m (12-15 ft) in length. It begins at the pylorie 
sphineter of the stomaeh, fills much of the abdominopel- 
vie eavity, and empties into the large intestine. Most of 
the digestive proeesses and absorption of nntrients occur 
in the small intestine. 

Struclure 

There are three sequential segments eomposing the small 
intestine. The duodenum (du-o-dè'-num) is a very short 
seetion, about 25 to 30 em long, that reeeives ehyme 
from the stomaeh. The middle seetion is the jejunum 
(je-ju'-num), and it is about 160 to 200 em long. The last 
and longest segment is the ileum (il'-è-um), which is 
about 170 to 215 em long. The ileum joins with the large 
intestine at the ileal (il-è-al) orifiee. 

The small intestine is snspended from the posterior 
abdominal wall by the mesentery (mes'-en-ter-è), double 
folds of the peritoneum that provide support but allow 
movement. Blood vessels, lymphatie vessels, and nerves 
serving the small intestine are also snpported by the mes- 
entery (figure 15.15). 

The mucosa of the small intestine is modified to 
provide a very large snrfaee area. The distinetive velvety 
appearanee of the intestinal mucosa results from the 
presenee of intestinal villi, tiny projeetions from the 
mucosa that are extremely abundant (see figure 15.2). 
Eaeh villus is eovered by simple columnar epithelinm and 
eontains a eentrally loeated laeteal, a lymphatie eapillary. 
A blood eapillary network surrounds the laeteal. At the 
bases of the villi are tiny pits that open into intestinal 
glands, which seerete intestinal juice (figure 15.16). 
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Figure 15.14 Hormonal Gontrol of Bile Seeretion. 

The mucosal surface area in eontaet with ehyme 
and digestive fluids is further inereased by the presenee 
of numerous mierovilli forming a 'Trnsh bordeT' (see 
ehapter 4 and fignres 15.2 and 15.17). 

Intestinal Juice 

The fluid seereted by the intestinal glands is known as 
intestinal jniee. It is slightly alkaline and eontains 
abnndant water and mucus. Intestinal juice provides an 
appropriate environment for the aetion of bile salts and 
panereatie digestive enzymes within the small intestine. 
Reeall that trypsin in panereatie juice is aetivated only 
after being mixed with intestinal seeretions. 

Regylation of Intestinal Seeretion 

The presenee of ehyme in the small intestine provides 
meehanieal stimnlation of the mucosa that aetivates the 
seeretion of intestinal juice and enzymes. Chyme also 
causes an expansion of the intestinal wall, triggering a 
neural reflex that sends parasympathetie nerve impnlses 
to the mucosa. The nerve impnlses stimnlate an inerease 
in the rate of intestinal seeretions. 


Digestion and Absorption 

Vigorons segmentation within the small intestine mixes 
ehyme with bile, panereatie juice, and intestinal juice. 
The emulsification of fats by bile and the eontinned diges- 
tion of earbohydrates, fats, and proteins by panereatie and 
brush border enzymes occur within the small intestine. 
Brush border enzymes are embedded within the brush 
border of the small intestine mucosa. These aetions eom- 
plete the digestive proeess within the small intestine. 

There are three brush border enzymes that split 
disaeeharides into monosaeeharides. (1) Maltase eonverts 
maltose into glaeose; (2) sucrase eonverts saerose into 
glneose and frnezose; and (3) laetase eonverts laetose into 
glneose and galaetose. 

Brush border enzymes aeting on proteins are also 
present. Varions peptìdases split peptides into amino 
aeids. Table 15.3 snmmarizes the enzymes involved in the 
digestion of earbohydrates, fats, and proteins. 

Garbohydrate digestion begins in the mouth and eon- 
cludes in the small intestine. The end prodnets of earbo- 
hydrate digestion are monosaeeharides, the simple sugars 
glneose, fraetose, and galaetose. These sugars are absorbed 
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Figure 15.15 The small intestine eonsists of the duodenum, 
jejunum, and ileum. Chyme from the stomaeh enters the 
duodenum. After digestion and absorption, ehyme residues 
pass from the ileum into the large intestine. 


aeross the epithelinm and into the eapillaries of the villi 
throngh both faeilitated diffnsion and aetive transport. 

Fat (triglyeeride) digestion primarily oeenrs in the small 
intestine. The end prodnets are monoglyeerides and fatty 
aeids. Very small, or short-ehain, fatty aeids are absorbed 
by simple diffnsion aeross the epithelinm and into the 
eapillaries of the villi. All other lipids require an alternate 
means of absorption. Bile salts interaet to form structures 
ealled mieelles, small transportation spheres that are hydro- 
philie on their snrfaee and hydrophobie in their eore. 
Mieelles absorb large fatty aeids, monoglyeerides, eholes- 
terol (a steroid), phospholipids, and lipid-soluble vitamins 
into their eore and transport them to the intestinal brush 
border. The eontents of the mieelles move by simple dif- 
fusion into the epithelial eells. Onee inside the epithe- 
lial eells, the fatty aeids and monoglyeerides reeombine 
to form triglyeerides. The triglyeerides eombine in small 
elnsters with phospholipids, steroids, and lipid-soluble 
vitamins. These elnsters are eoated with protein and form 
strnemres known as ehylomierons (ki-ló-mi'-krons). The 
protein eoat makes ehylomierons water-soluble. Ghylomi- 
erons move out of the epithelial eells by exocytosis and 
enter the laeteals of the villi, as shown in figure 15.17. 
They are earried by lymphatie vessels to the left subclavian 
vein, where lymph from the intestine enters the blood. 

Protein digestion begins in the stomaeh and eon- 
cludes in the small intestine. The end prodnets are 
amino aeids, which are aetively absorbed aeross the epi- 
thelinm and into the eapillaries of villi. 



Simple columnar 
epithelium 


Laeteal 


Blood eapillaries 


Intestinal gland 


Goblet eells 


Arteriole 

Venule 

Lymphatie 

vessel 


Figure 15.16 The Structure of a Villus. 

In addition to the end prodnets of digestion, other 
needed snbstanees are absorbed in the small intestine. For 
example, water, minerals, and water-soluble vitamins are 
absorbed into the eapillaries of villi. Materials absorbed into 
the blood are earried from the intestines to the liver via the 
hepatie portal vein. After proeessing by the liver, appropri- 
ate eoneentrations of nntrients are released into the general 
eirenlation to serve the needs of tissue eells. In this way, 
the liver eontribntes to the overall homeostasis of the body. 



Laetose ìntoleranee is caused by a defieieney or 
absenee of laetase. The presenee of undigested 
laetose in the intestines produces an osmotie gradi- 
ent that prevents the normal reabsorption of water 
into the blood and, even worse, actually causes 
water to be drawn into the intestines from interstitial 
fluid. The result is diarrhea, flatulence, bloating, and 
intestinal eramps. Afflieted persons ean avoid this 
problem if they take a tablet or liquid eontaining lae- 
tase before meals eontaining milk or milk products. 

V___ J 
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Table 15.3 Summary ofthe Major Digestive Enzymes and Their Aetions 


Enzyme 

Substrate 

Product 

Salìva 

Salivary amylase 

Stareh and glyeogen 

Maltose 

Gastríe Juìce 

Pepsin 

Proteins 

Peptides 

Panereatìe Juìce 

Panereatie amylase 

Stareh and glyeogen 

Maltose 

Panereatie lipase 

Triglyeerides 

Monoglyeerides* and fatty aeids* 

Trypsin 

Proteins 

Peptides 

Brush Border Enzymes 

Maltase 

Maltose 

Glucose* 

Sucrase 

Sucrose 

Glucose* and fructose* 

Laetase 

Laetose 

Glucose* and galaetose* 

Peptidases 

Peptides 

Amino aeids* 


*End products of digestion. 
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Lipids vvithin mieelles move by 
simple diffusion into epithelial eells. 
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Figure 15.17 Absorption of Dietary Lipids. 
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eheek 



IJnderstanding 



16. What are the three segments of the small intestine? 

17. What digestive proeesses oeenr in the small 
intestine? 

18. How are end prodnets of digestion absorbed? 

V___ J 


15.9 Large Intestine 

Learning Objeetive 

16. Deseribe the structure and functions of the large 
intestine. 

The small intestine joins with the large intestine at the 
ileal orifiee. This opening is elosed most of the time but 
opens to allow ehyme to enter the large intestine. 


Structure 

The large intestine gets its name because its diameter 
(6.5 em; 2.5 in) is larger than that of the small intestine, 
although its length (1.5 m; 5 ft) is much shorter. The large 
intestine eonsists of four segments: cecum, eolon, rectum, 
and anal eanal. 

The first portion of the large intestine is the pouch- 
like eeeam, which bulges inferior to the ileal orifiee. The 
slender, wormlike appendix extends from the cecum 
and, although it has no digestive function, it contributes 
to the immune defense of the body. 

The eolon forms most of the large intestine and 
is subdivided into four segments. The aseending eolon 
extends superiorly from the cecum along the right side of 
the abdominopelvie eavity. As it nears the liver, it mrns 
left to beeome the transverse eolon. Near the spleen, the 
transverse eolon mrns inferiorly to beeome the deseending 
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Right eolie flexure 


Aseending eolon 


lleal orifiee 


Opening of appendix 
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Figure 15.18 Anterior View of the Large Intestine. IàpIF^ 
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eolon along the left side of the abdominopelvie eavity. 
Near the pelvis, the deseending eolon beeomes the sigmoid 
eolon, which is eharaeterized by an S-shaped enrvamre 
leading to the reemm (fignre 15.18). 

The rectum is the straight portion of the large 
intestine that eontinnes inferiorly from the sigmoid eolon 
throngh the pelvie eavity and ends at the anal eanal. 
The anal eanal is the last 3 em of the large intestine and 
its external opening is the anus. The mneosa of the anal 
eanal is folded to form the anal eolamns, which eontain 
networks of arteries and veins. The anus is kept elosed 
except during defeeation by the involnntarily eontrolled 
internal anal sphineter and the volnntarily eontrolled 
external anal sphineter (figure 15.19). 

The eolon has a pnekered appearanee when 
viewed externally. This resnlts beeanse the longimdinal 
mnseles are not nniformly layered but are reduced to 
three longimdinal bands, the taeniae eoli, that run the 
length of the eolon. Gontraetion of the taeniae eoli gath- 
ers the eolon into a series of ponehes ealled haastra. Like 
the small intestine, the large intestine is snpported by a 
mesentery. 

The mucosa of the large intestine is also different 
from that of the small intestine. Villi are absent, and the 
simple eolnmnar epithelinm eontains numerous mucus- 
producing goblet eells. 

Functions 

ehyme residne entering the large intestine eontains water, 
minerals, baeteria, and other snbstanees that were not 
digested or absorbed while in the small intestine. There 
are no digestive enzymes seereted by the large intestine. 


Rectunn 


External 
anal 

sphineter 



Levator ani 
muscle 


Anal eanal 


Anal columns 


Internal anal 
sphineter 


Figure 15.19 The rectum and the anal eanal are 
loeated at the distal end of the alimentary eanal. 


Instead, intestinal baeteria deeompose the nndigested food 
moleenles. This aetion yields eertain B vitamins and vita- 
min K, in addition to gas (flams). The mucosa of the large 
intestine seeretes large quantities of mucus that lubricate 
the intestinal lining and reduce abrasion as materials are 
moved along. 

A major fnnetion of the large intestine is the absorp- 
tion of water, some minerals, and vitamins as the eontents 
slowly move throngh the eolon. Much of this absorption 
occurs before the ehyme reaehes the deseending eolon, 
where it is eongealed to form the feees (fé-sèz). Feees 
eontain large amonnts of baeteria, mucus, and water as 
well as nndigested food moleenles. 

Movemenls 

Segmentation and peristalsis within the large intestine are 
more slnggish than those of the small intestine. Vigorons 
peristalsis occurs only two to four times a day, usually 
following a meal. These peristaltie eontraetions are ealled 
mass movements beeanse they move the eontents of the 
deseending and sigmoid eolons toward the reemm. The 
defeeation reflex is aetivated when the reemm fills with 
feees and its wall is stretehed. Parasympathetie nerve 
impnlses stimnlate muscular eontraetions that inerease 
pressnre within the reemm and relax the internal anal 
sphineter. Defeeation, or expulsion of feees, occurs if the 
external anal sphineter is volnntarily relaxed. If its eontrae- 
tion is volnntarily maintained, defeeation is postponed. 



eheek 



Understandinq 


19. What are the segments of the large intestine? 

20. What are the fnnetions of the large intestine? 



15.10 Nutrients: Sources and Dses 

Learning Objeetives 

17. Identlfy the sources and uses of earbohydrates, llp- 
Ids, protelns, vltamlns, and major mlnerals. 

18. Explaln the three major steps of cellular resplratlon. 

Nntrients are ehemieals in foods that provide energy for 
powering life proeesses; ehemieals aiding or enabling life 
proeesses; or materials to eonstmet moleenles for the nor- 
mal development, growth, and maintenanee of the body. 
There are six groups of nutrients: earbohydrates, lipids, 
proteins, vitamins, minerals, and water. All six groups pro- 
vide raw materials for constructing new moleenles, but 
only earbohydrates, lipids, and proteins provide energy to 
snstain life proeesses. 

Essential nmrients are those nntrients that the body 
eannot synthesize and must obtain in food in order to 
eonstmet other moleenles neeessary for life. The essential 
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nutrients include eertain amino aeids, eertain fatty aeids, 
most vitamins, minerals, and water. Beeanse the essential 
nntrients are not all present in any one food, a balaneed 
diet is required. The eonversion of raw materials into mol- 
ecules for life proeesses is a major role of the liver. 

The Instimte of Medieine of the U.S. National Aead- 
emy of Seienees has developed nntritional reeommenda- 
tions, ealled the Dietary Referenee Intake (DRI), to 
assist in the planning and assessment of nntrient intake. 
DRl inelndes the Reeommended Daily AlIowance 
(RDA) for eaeh nntrient. The RDA for a nntrient is the 
average daily intake level that is snffieient to meet the 
nntritional needs of a healthy person. Most nntritional 
labels provide RDA but not DRl reeommendations. 
DRl and RDA reeommendations ean be found throngh 
the U.S. Department of Agriculture (USDA) website 
(fnic.nal.usda.gov). 

Energy Foods and Cellular 
Respiration 

Garbohydrates, fats, and proteins are ealled ''energy foods'' 
beeanse they are used in eellnlar respiration to release 
the energy in their ehemieal bonds for ATP prodnetion. 
Reeall from the disenssion in ehapters 3 and 7 that cellu- 
lar respiration inelndes both anaerobie and aerobie eom- 
ponents. Anaerobie respiration, or glyeolysis, occurs 
within the eytosol of a eell, while aerobie respiration 
occurs within mitoehondria, where the enzymes eatalyz- 
ing the reaetions are loeated. There are two sequential, 
linked aerobie proeesses: the eitrie aeid eyele and the elee- 
tron transport ehain. When oxygen is available, a nntrient, 
such as glucose, is eompletely degraded to earbon diox- 
ide and water, in order to release energy. Approximately, 
40% of the energy is eapmred in ATP, while the remain- 
der is lost as heat. ATP does not store energy, but it ear- 
ries it to where it is needed to power life proeesses. The 
released heat energy is important in maintaining a normal 
body temperamre. 

Follow the eellnlar respiration of glneose in 
figure 15.20. A molecule of glucose (eontaining 6 earbon 
atoms) is split during glyeolysis to form 2 moleenles 
of pyrnvie aeid (eaeh eontaining 3 earbon atoms) and 
2 ATP. Eaeh pyrnvie aeid moleenle is eonverted to aeetyl- 
CoA (eaeh moleenle eontaining 2 earbon atoms), which 
releases GO^. Eaeh acetyl-CoA moleenle enters the eitrie 

one acetyl-CoA 
moleenle is broken down to release eo^, and high- 
energy eleetrons. Snbstrate reaetions assoeiated with the 
eitrie aeid eyele prodnee 2 ATP. 

The higher-energy eleetrons pass along the molecu- 
lar earriers of the eleetron transport ehain from a higher- 
energy level to a lower-energy level-much like water 
flowing down a stairease. At eaeh transfer (step) within 
the ehain, energy is released to form ATP and the eleetrons 


aeid eyele. With eaeh mrn of the eyele. 


move to the next lower energy level (next lower step 
in the stairease). Ultimately, all of the available energy is 
extracted, and the eleetrons, H^, and O^ eombine to form 
water (H^O). Eleetron transfer yields a total of 32 to 34 
ATP, depending upon the eell in which eellnlar respira- 
tion occurs. When added to the 2 ATP from glyeolysis 
and the 2 ATP from the eitrie aeid eyele, one moleenle of 
glneose ean yield a total of 36 to 38 ATP. 

The end prodnets of digestion for lipids (fats) and 
proteins also may be used in eellnlar respiration, either 
direetly or after eonversion into eompatible moleenles. 
Eignre 15.20 shows the major points of entry into eellnlar 
respiration for these moleenles. The number of ATP pro- 
duced varies with the type of molecule broken down. 


earbohydrates 

Nearly all earbohydrates in the diet eome from plant 
foods. Glyeogen is the only earbohydrate in animal foods. 
While there is very little of this polysaeeharide in meat, 
animal liver is an abnndant source. Monosaeeharides are 
in honey and fruits; disaeeharides are found in table sugar 
and dairy prodnets; and stareh, a polysaeeharride, occurs 
in eereals, vegetables, and legnmes (e.g., beans, peas, 
peannts). 

Cellulose is a polysaeeharide that is abundant in 
plant foods, but it eannot be digested by humans beeanse 
they laek the neeessary digestive enzymes. However, it 
is an important dietary eomponent, beeanse it provides 
fiber (ronghage) that inereases the bulk of the intestinal 
eontents, which aids the fnnetion of the large intestine. 
Evidenee snggests that high-fiber diets reduce the risk of 
eertain eolon disorders, such as diverticulitis and eolon 
eaneer. 

earbohydrates are used mostly as an energy source, 
with glucose as the primary earbohydrate molecule used 
in eellnlar respiration. Reeall from ehapter 10 that the 
hormone insnlin plays a erneial role in moving glneose 
into eells. Most eells ean live by obtaining energy from 
fatty aeids or amino aeids via eellnlar respiration, but 
some eells, notably nenrons, are dependent upon a steady 
supply of glucose. Eor this reason, the fnnetions of the 
nervons system deeline if the eoneentration of blood glu- 
eose deereases. 

The liver, along with the hormones insnlin and glu- 
eagon, is involved in the regnlation of glneose eoneentra- 
tion in the blood. In response to insnlin, excess glneose 
is eonverted into glyeogen for storage primarily in the 
liver but also in skeletal mnseles. If excess glneose still 
remains, it is eonverted into triglyeerides and is stored in 
adipose tissnes. When blood glneose levels deeline, glu- 
eagon signals the liver to eonvert glyeogen into glneose. 
If still more glneose is needed, triglyeerides are eonverted 
into glyeerol and fatty aeids. Then glyeerol may be eon- 
verted into glneose. 
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Figure 15.20 Energy foods and cellular respiration. Lipids, earbohydrates, and proteins may be broken down to 
release energy for ATP production. Note the three major steps of cellular respiration. 


Lipids 

Lìpìds include triglyeerides, phospholipids, steroids, and 
lipid-soluble vitamins, (A, D, E, and K), but triglyeerides 
are the most eommon lipids in the diet. Triglyeerides may 
be either satnrated or unsaturated (see ehapter 2). Fats 
and oils eontain a mixture of saturated, monounsaturated 
(one double bond), and polyunsaturated (more than one 
double bond) fatty aeids. Coconut and palm oils, dairy 
prodnets, and beef fat eontain mostly satnrated fatty aeids. 
Peanut, olive, and eanola oils eonsist mostly of monoun- 
satnrated fatty aeids. Safflower, sunflower, and eorn oils 
eontain mostly polyunsaturated fatty aeids. Gholesterol is 
present in dairy prodnets, red meats, and egg yolks. 


Lipids are essential eomponents of the diet, althongh 
excessive amonnts are not desirable. Phospholipids form 
the major portion of plasma membranes and the myelin 
sheaths of nenrons. Triglyeerides are important energy 
sonrees for many eells, inelnding liver and skeletal 
muscle eells. Excess triglyeerides are stored in adipose 
tissue, where they form the largest energy reserve in 
the body. 

While eholesterol is not used as an energy source, it 
forms parts of plasma membranes and is used in the syn- 
thesis of bile salts and steroid hormones. The liver helps 
to regnlate the eoneentration of triglyeerides and eholes- 
terol in the blood. 
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Lipids are hydrophobie and do not dissolve in the 
aqueous blood plasma. This poses a problem for their 
transport to and from body eells. To overeome this prob- 
lem, lipids are eombined with alpha and beta globnlins 
to form complexes ealled lipoproteins (see ehapter 11). 
A lipoprotein has a eore of triglyeerides and eholesterol 
with a eoating of protein, making the complex solnble 
in blood plasma. Lipoproteins are elassified by their den- 
sity. The greater the proportion of protein, the greater the 
density of a lipoprotein. 

Loiv-density lipoproteins (LDLs), the 'Tad'' eholes- 
terol, are formed in the liver and transport eholesterol 
and triglyeerides to body eells, inelnding eells of arter- 
ies where dangerons plaques ean form. High-density 
lipoproteins (HDLs), the ''good'' eholesterol, are formed 
in the liver as almost empty shells of protein. They 
piek up eholesterol from eells throughout the body as 
they circulate and remrn the eholesterol to the liver. 
The eholesterol is then disposed of throngh bile, which 
helps deerease the risk of plaque formation in arteries. 
Thus LDLs transport eholesterol from the liver to body 
eells, and HDLs transport eholesterol from body eells to 
the liver. 

Proteins 

Prime sonrees of proteins inelnde red meat, ponltry, 
fish, milk prodnets, eggs, nuts, eereals, and legnmes. Of 
the 20 kinds of amino aeids eomposing proteins, eight 
eannot be synthesized from other amino aeids by the 
liver. These eight amino aeids are the essential amìno 
aeìds. All essential amino aeids must be present in 
the body in order for the body to synthesize proteins 
neeessary for normal growth and maintenanee. Animal 
proteins eontain all of the essential amino aeids, but 
plant proteins laek one or more of them. However, 
if eereals and legnmes (e.g., beans, peas) are eaten 
together, this eombination provides all of the essential 
amino aeids. 

Amino aeids are used by the body primarily to 
synthesize proteins: plasma proteins, eertain hormones, 
enzymes, and proteins that form structural eomponents 
of eells. However, they may be used as an energy source 
in eellnlar respiration if there is a defieient supply of glu- 
eose or fats. If there is an excess of amino aeids, they may 
be eonverted to glneose or fat. 

For amino aeids to be used as an energy source 
or eonverted to glneose or fat, the liver first removes 
the amine groups (-NH^) so that the remainders of the 
amino aeid moleenles are available for these alternative 
pathways. The amine groups reaet to form ammonia, 
a toxic snbstanee. However, the liver eonverts ammo- 
nia into nrea, a less toxic snbstanee that is released 
into the blood and is excreted by the kidneys in urine 
(figure 15.20). 




niea 


nsiqh 


Fad diets and TV ads indieate that people are eon- 
eerned about maintaining or losing weight. Energy 
stored in foods and energy powering biologieal pro- 
eesses are measnred in ealories. A kiloealorie (keal) 
or Galorie (with a eapital C) is the amount of energy 
needed to raise one kilogram of water one degree 
Celsius. Garbohydrates and proteins eontain about 
the same amount of energy, 4 keal/g. Fats, on the 
other hand, eontain 9 keal/g. This is why eating 
fatty foods so easily eontribntes to weight gain. 


Yitamins 

Vitamins are organie eomponnds that are required 
in minute amounts for the normal hmetioning of the 
body. They are not energy sonrees, but they are essen- 
tial for the ntilization of energy foods. Most vitamins 
aet with enzymes to speed up particular metabolie 
reaetions. 

Vitamins are elassified aeeording to their solnbil- 
ity: water-soluble or lipid-soluble. Water-soluble vita- 
mins inelnde vitamin C and the B vitamins. They are 
sensitive to heat and easily destroyed by eooking. Lipid- 
solnble vitamins are vitamins A, D, E, and K. They are 
more resistant to heat and are not easily destroyed by 
eooking. 

The sonrees and fnnetions of vitamins are shown in 
tables 15.4 and 15.5. 

Minerals 

Minerals are inorganie snbstanees that plants absorb from 
the soil. They are present in both plant foods and ani- 
mal foods beeanse animals obtain them by eating plants. 
Humans need adequate amounts of the seven major min- 
erals noted in table 15.6 but require only traee amonnts 
of other minerals that occur in the body. About 4% of the 
body weight eonsists of minerals. Calcium and phospho- 
rus, the most abundant minerals, aeeonnt for about 75% of 
the total minerals in the body. 

In the body, minerals may be ineorporated into 
organie eomponnds, deposited as mineral salts (as in 
bone), or occur as ions in body fluids. Table 15.6 identifies 
the sonrees and fnnetions of the major minerals. 

MyPlate: A Ylsual Gulde 
to Healthy Eatlng 

MyPlate, ereated by the USDA, is a unique guide to 
healthy eating when eompared to the traditional food 
pyramids of the past. Eor a balaneed daily diet, the follow- 
ing food group servings are reeommended per day: 1 V 2 
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Table 15.4 Water-Soluble Vitamins 


Vitamin 

Sources 

importanee 

B1 (thiamine) 

Meats, eggs, eereais, beans, peas, ieafy 
green vegetabies 

Required for ceiiuiar respiration and the synthesis 
of ribose 

B2 (ribofiavin) 

Meats, eereais, ieafy green vegetabies; 
formed by eoion baeteria 

Required for ceiiuiar respiration 

B3 (niaein) 

Meats, iiver, beans, peas, peanots 

Required for ceiiuiar respiration and synthesis of 
proteins, nucieic aeids, and fats 

B5 (pantothenie aeid) 

Meats, fish, eereais, beans, peas, fruits, 
vegetabies, miik; formed by eoion baeteria 

Required for ceiiuiar respiration, eonversion of 
amino aeids and iipids into giucose, synthesis of 
ehoiesteroi and steroid hormones 

B6 (pyridoxine) 

Meats, pouitry, fish, eereais, beans, peas, 
peanuts; formed by eoion baeteria 

Required for protein synthesis and formation of 
antibodies 

B7 (biotin) 

Liver, eggs, beans, peas, peanuts; formed 
by eoion baeteria 

Required for ceiiuiar respiration and synthesis of 
fatty aeids 

B9 (foiie aeid) 

Liver, eereais, ieafy green vegetabies; 
formed by eoion baeteria 

Required for synthesis of DNA, RNA, and normai 
biood eeiis 

B12 (eyanoeobaiamin) 

Meats, pouitry, fish, miik, eggs, eheese 

Required for synthesis of nucieic aeids, formation of 
red biood eeiis, and ceiiuiar respiration of amino aeids 

e (aseorbie aeid) 

Citrus fruits, eabbage, tomatoes, 
ieafy green vegetabies 

Required for synthesis of steroid hormones, 
absorption of iron, and formation of eonneetive tissues 


Table 15.5 Lipid-Soluble Vitamins 


Vitamin 

Sources 

importanee 

A 

Eggs, miik, butter, iiver; green, yeiiovv, 
and orange vegetabies and fruits 

Required for heaithy skin and mucous membranes; for deveiopment 
of visuai pigments in rods and eones; for heaithy bones and teeth 

D 

Eormed by skin vvhen exposed to 
uitravioiet iight; fish iiver oiis, miik, eggs 

Required for heaithy bones and teeth; promotes absorption of 
caicium and phosphorus 

E 

Gereais, vegetabie oiis, fruits, 
and vegetabies 

Prevents oxidation of fatty aeids and vitamin A; heips keep piasma 
membranes intaet 

K 

Synthesized by eoion baeteria; ieafy green 
vegetabies, eabbage, pork, iiver, soybean oii 

Required for formation of prothrombin, an enzyme invoived in the 
formation of biood eiots 


Table 15.6 

Major Minerals in the Body 


Mineral 

Sources 

importanee 

Caicium (Ca) 

Miik, miik products, ieafy green 
vegetabies 

Eorms bones and teeth; required for biood eiotting, 
conduction of nerve impuises, and muscie eontraetion 

Phosphorus (P) 

Meats, eereais, nuts, miik, miik 
products, iegumes 

Eorms bones and teeth; eomponent of proteins, nucieic 
aeids, ATP, and phosphate buffers 

Potassium (K) 

Meats, nuts, potatoes, bananas, 
eereais 

Required for conduction of nerve impuises and muscie 
eontraetions 

Suifur (S) 

Meats, miik, eggs, iegumes 

eomponent of vitamins biotin and thiamine, the hormone 
insuiin, and some amino aeids 

Sodium (Na) 

Tabie sait, cured meats, eheese 

Heips maintain osmotie pressure of body fiuids; required 
for nerve impuise transmission 

ehiorine (Ci) 

Tabie sait, cured meats, eheese 

Heips maintain osmotie pressure of body fiuids; required 
forformation of HCi in gastricjuice 

Magnesium (Mg) 

Miik, miik products, eereais, iegumes, 
nuts, ieafy green vegetabies 

Required for normai nerve and muscie functions; invoived 
in ATP-ADP eonversions 
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Figure 15.21 MyPlate. 


to 2 cups of fmit, IV 2 to 3 cups of vegetables, 4 to 8 
ounces of grains, 2 to 6 V 2 ounces of protein, 3 cups of 
dairy, and 5 to 7 teaspoons of fats and oils. The exact 
number of servings needed depends upon a person's 
age and gender. However, many people have tronble 
maintaining appropriate portion sizes when aemally 
plaeing food on their plates. Measnring food servings 
with cups and seales requires diseipline and eonsis- 
teney, which many find diffienlt to maintain for long 
periods of time. MyPlate ereates a visual guide, based 
on a 9-ineh plate, for the portion sizes of eaeh food 
group at every meal. The visual referenee removes the 
need to measnre food servings at meals, allowing indi- 
vidnals to more quickly plaee eorreet portion sizes on 
their plate. For example, one-half of your plate needs 
to be filled with fmits and vegetables at eaeh meal 
(figure 15.21). 



eheek 



IJnderstanding 



21. How is energy prodneed from one glneose moleenle 
throngh eellnlar respiration? 

22. How are monosaeeharides, eholesterol and amino 
aeids used in the body? 

V___ J 


15.11 Disorders of the Dígestíve 
System 

Learning Objeetive 

19. Deseribe the major disorders of the digestive system. 

Inflammatory Disorders 

Appendieitis is an acute inflammation of the appendix. 
First symptoms inelnde referred pain in the nmbilieal 
region and nausea. Later, pain is loealized in the right 


lower quadrant of the abdominal wall. Snrgieal removal 
of the appendix is the standard treatment. 

Inflammatory bowel disease (IBD) is a group of 
ehronie disorders that cause painfrilly swollen, inflamed 
intestines, in addition to abdominal eramps and bloody 
diarrhea. IBDs result from an overaetive immune response 
that continuously promotes inflammation, which causes 
permanent ehanges in the intestinal tissnes and plaees 
snfferers at greater risk for developing intestinal eaneer. 
There is a genetie predisposition for developing IBD. 
Treatment inelndes eortieosteroids and immunosuppres- 
sant drugs. Surgical removal of the affeeted portions of the 
intestines is neeessary when drug therapy fails to provide 
remission. The major IBDs are Crohn disease and ulcer- 
ative eolitis. Crohn disease may affeet any portion of the 
alimentary eanal but most often affeets the distal portion 
of the ileum. JJleerative eolitis affeets only the large intes- 
tine and/or reemm. 

Irritable bowel syndrome (IBS) is an intestinal 
disorder eansing abdominal bloating, eramping pain, eon- 
stipation, and diarrhea. IJnlike IBDs, IBS does not perma- 
nently damage intestinal tissnes, with symptoms usually 
eontrolled by dietary and lifestyle ehanges. 

Divertienlitis (di-ver-tik-u-li'-tis) is a disorder 
of the large intestine. Small, saelike ontpoekets of the 
eolon often develop from a diet laeking snffieient fiber 
(bulk). Diverticulitis is the inflammation of these diver- 
ticula and may cause eonsiderable pain, bloating, or 
diarrhea. 

Hemorrhoids is a eondition in which one or more 
veins in the anal eanal beeome enlarged and inflamed. 
ehronie eonstipation eontribntes to the development of 
hemorrhoids. 

Hepatitis, an inflammation of the liver, may be 
caused by several faetors, including virnses, drugs, or 
aleohol. It is eharaeterized by jaundice, fever, and liver 
enlargement. Hepatitis is the number one reason for liver 
transplants. There are three eommon viral types of hepa- 
titis in the US. 

Hepatitis A (infeetions hepatitis) is caused by the hep- 
atitis A virus, which is spread by sexual eontaet and feeal 
eontamination of food and water. It is highly eontagions, 
but an effeetive vaeeine and treatment are available. Symp- 
toms are usually mild. Reeovery takes four to six weeks. 

Hepatitis B (serum hepatitis) is a serious infeetion. 
It is spread throngh eontaminated blood, saliva, vaginal 
seeretions, and semen. Most people reeover eompletely, 
but some retain live virnses for years and unknowingly 
serve as earriers of the disease. Ghronie hepatitis may pro- 
duce eirrhosis or lead to liver eaneer. Hepatitis B vaeeine 
is the best proteetion against hepatitis B infeetion. It eon- 
sists of a series of three spaeed injeetions and may be 
given to persons of all ages, inelnding infants. Ghronie 
hepatitis B patients are treated with antiviral medieations. 
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Obesity has beeome a national health eoneern. 
Studies have shovvn that obesity is a signifieant 
health risk, perhaps seeond in importanee only 
to smoking. Obesity results from consuming 
food eontaining more kiloealories than is neees- 
sary to meet the body’s energy needs. Under- 
lying causes of obesity include heredity, eating 
habits, inadequate exercise, and poor diet. Peo- 
ple vvho are genetieally predisposed tovvard 
obesity have a very difficult time eontrolling their 
vveight. Excess kiloealories are stored as fats in 
adipose tissue. An excess of 3,500 keal equals 
one pound of fat. The only vvay to get rid of 
stored fat is to consume fevver kiloealories than 
needed so the stored fat vvill be mobilized and 

V___ 


broken dovvn. Exercise inereases the body’s need 
for energy, vvhieh helps burn fat more rapidly. 

An effeetive vvay to determine if a person is over- 
vveight or obese is to calculate the body mass ìndex 
(BMI) and measure the vvaist. It is calculated by dividing 
a person’s vveight in kilograms by the square of his or 
her height in meters; BMI = VVt/Ht^. To determine the 
vveight in kilograms, divide the vveight in pounds by 2.2. 
To determine the height in meters, divide the height in 
inehes by 39.37. Someone vvith a BMI higher than 25 to 
27 is eonsidered overvveight, and a person vvhose BMI 
has a value of 30 or more is eonsidered obese. Aeeord- 
ing to the National lnstitutes of Health, vvaist measure- 
ments over 35 inehes in females and 40 inehes in males 
indieate obesity. 


Hepatitis C, the most eommon type of hepatitis 
in the US, is spread primarily by eontaminated blood 
but also by eontaminated food and water. Symptoms 
are usually so mild a person may not even know he or 
she has it until liver damage shows up, maybe deeades 
later. It ean lead to liver failnre, eirrhosis, and eaneer. In 
some eases, the symptoms are mild and short-lived so 
medieations are usually not needed. Most eases progress 
to the ehronie form of the disease and require antiviral 
medieations. There is no Hepatitis C vaeeine enrrently 
available. 

Periodontal dìsease refers to a variety of eondi- 
tions eharaeterized by inflammed and bleeding gingivae, 
in addition to degeneration of the gingivae, eement, peri- 
odontal ligaments, and the alveoli which causes loosening 
of the teeth. 

Peritonitis is the acute inflammation of the peri- 
toneum that lines the abdominal eavity and eovers 
abdominal organs. It may result from baeteria entering the 
peritoneal eavity due to eontamination during aeeidents, 
snrgery or by a ruptured intestine or appendix. 


Noninflaniinatery Diserders 

eirrhosis of the liver is eharaeterized by searring, 
which resnlts from dense irregnlar eonneetive tissue 
replaeing destroyed hepatoeytes. It may be caused by 
hepatitis, aleoholism, nutritional defieieneies, or liver 
parasites. 

eonstipation is a eondition in which defeeation is 
diffienlt beeanse feees are harder and drier than normal. 
This resnlts from feees remaining in the eolon for a lon- 
ger than normal period, which allows more water to be 
absorbed. 


Dental earies-tooth decay-result from the excess 
aeid produced by eertain mieroorganisms that live in the 
mouth and use food residues for their nutrients. Residnes 
of earbohydrates, espeeially sugars, nurture these mieroor- 
ganisms and inerease their aeid prodnetion. 

Diarrhea is the prodnetion of watery feees due to 
the abnormally rapid movement of ehyme throngh the 
eolon, which deereases the amount of time available to 
absorb water. inereased peristalsis may result from a num- 
ber of causes, including inflammation and ehronie stress. 

Eating disorders result from an obsessive eon- 
eern about weight eontrol, espeeially among young adult 
females. There are two major types of eating disorders: 
anorexia and bnlimia. 

Anorexia nervosa is self-imposed starvation that resnlts 
in malnntrition and assoeiated physiologieal ehanges. 
Patients with this disorder see themselves as overweight, 
althongh others see them as very thin. Death ean occur 
due to the eomplieations of prolonged starvation. 

Bnlimia is eharaeterized by frequent overeating 
and pnrging by self-induced vomiting. Fears of being 
overweight, depression, and stress are assoeiated fae- 
tors. The exact cause is unknown. Bnlimia may lead 
to such eomplieations as an imbalanee of eleetro- 
lytes, erosion of tooth enamel by stomaeh aeids, and 
eonstipation. 

Gallstones result from erystallization of eholes- 
terol in bile. They eommonly occur in the gallbladder, 
but they may be earried into the bile duct where 
bloek the flow of bile. Severe pain and often janndiee 
aeeompanies such bloekage. Treatment may inelnde 
drugs that dissolve the gallstones, shock-wave therapy to 
break up the stones, or snrgieal removal of the gallstones 
and gallbladder. 
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15.1 Digestion: An Overvievv 

• Digestion involves both meehanieal and ehemieal 
proeesses. Meehanieal digestion is the physieal proeess of 
breaking food into smaller partieles. ehemieal digestion 

is an enzymatie proeess that eonverts nonabsorbable food 
moleenles into absorbable nntrient moleenles. 

• A nnmber of different digestive enzymes are required for 
the ehemieal digestion of food molecules. 

15.2 Alimentary Ganal: General 

Gharaeteristies 

• The alimentary eanal is the long mbe throngh which 
food passes from the esophagns to the anus. Digestion of 
food and absorption of nntrients occur in some portions 
of the alimentary eanal. 

• The wall of the alimentary eanal is eomposed of four 
layers. From superficial to deep, they are the serosa, 
muscular layer, submucosa, and mucosa. 

• Food is moved through the alimentary eanal by 
peristaltie eontraetions. Segmentation mixes food 
with digestive seeretions. 

15.3 Mouth 

• The mouth is surrounded by the eheeks, palate, and 
tongue. Teeth are embedded in the alveoli of the maxilla 
and mandible. 

• The tongue is used to manipulate food during chewing 
and swallowing and to speak. It is the main loeation 
for taste buds. It produces lingual lipase, which aids in 
digesting triglyeerides into fatty aeids and glyeerides 
within the stomaeh. 

• Humans have two sets of teeth: deciduous and 
permanent. There are 32 permanent teeth divided 
into four types: ineisor teeth, eanine teeth, premolar 
teeth, and molar teeth. 

• A tooth is eomposed of two major parts: a crown eovered 
with enamel and a root embedded in an alveolns. 

Dentin forms most of the tooth. The eentrally loeated 
pulp eavity eontains blood vessels and nerves. The root 

is anehored to bone by eement and by periodontal 
ligaments. 

• Three pairs of salivary glands (parotid, submandibular, 
and sublingual) seerete saliva into the mouth. Salivary 
seeretion is under reflexive neural eontrol. Saliva 
eleanses and inbrieates the mouth and binds food 
together. 

• Saliva eontains salivary amylase, which breaks down 
stareh and glyeogen into maltose, and lysozyme, which 
kills eertain baeterial types. 

15.4 Pharynx and Esophagus 

• The pharynx eonneets the oral and nasal eavities with 
the esophagns and larynx. Its digestive fnnetion is to 
transport food from the mouth to the esophagus. 


• The swallowing reflex causes the epiglottis to eover the 
laryngeal opening, direeting food into the esophagns. 

• Pharyngeal, palatine, and lingnal tonsils are loeated near 
the entranee to the pharynx. 

• The esophagns earries food by peristalsis from the 
pharynx to the stomaeh. 

• The lower esophageal sphineter relaxes to let food enter 
the stomaeh. 

15.5 Stomaeh 

• The stomaeh is a ponehlike enlargement of the 
alimentary eanal. It is loeated in the left upper quadrant 
of the abdominopelvie eavity and eonsists of four 
regions: eardia, fundus, body, and pylorie part. 

• The pylorie sphineter relaxes to allow ehyme to enter 
the duodenum. 

• The stomaeh mucosa eontains gastrie glands that seerete 
gastrie juice, whose eomponents inelnde hydroehlorie 
aeid, pepsin, rennin, gastrie lipase, and intrinsie faetor. 
Gastrie juice eonverts food into ehyme. 

• The seeretion of gastrie juice is regulated by neural 
reflexes and the hormones gastrin and eholeeystokinin, 
which are prodneed by the gastrie and intestinal 
mneosae, respeetively. 

• Pepsin aets on proteins and breaks them into peptides. 

• Rennin is a gastrie enzyme seereted by infants. It enrdles 
milk, which aids digestion of milk proteins. 

• In infants, gastrie lipase breaks down triglyeerides into 
fatty aeids and monoglyeerides. 

• Gastrie juice eontains intrinsie faetor, which is neeessary 
for absorption of vitamin B12. 

• Little absorption occurs in the stomaeh. 

15.6 Panereas 

• The panereas is loeated adjaeent to the duodenum 
and pylorie part of the stomaeh. The panereas seeretes 
panereatie juice, which is earried to the duodenum 
by the panereatie duct. The hormones seeretin and 
eholeeystokinin from the intestinal mucosa stimulate 
the seeretion of panereatie juice. 

• Panereatie digestive enzymes aet on eaeh of the three 
types of energy food. Panereatie amylase breaks down 
stareh and glyeogen into maltose. Panereatie lipase 
breaks down triglyeerides into monoglyeerides and fatty 
aeids. Trypsin breaks down proteins into peptides. 

15.7 Liver 

• The liver is loeated in the right upper quadrant of the 
abdominopelvie eavity. 

• The liver performs many fnnetions. It plays a eritieal 
role in the metabolism of earbohydrates, lipids, and 
proteins. It stores fat, glyeogen, iron, and lipid-soluble 
vitamins. It detoxifies drugs and toxins within the blood. 
It phagoeytizes worn-out blood eells and baeteria. It 
prodnees and seeretes plasma proteins, heparin, and bile. 
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• Hepatie lobnles are the strnemral and fnnetional nnits of 
the liver. 

• Bile is eontinnonsly seereted by the liver. Between 
meals, bile is stored in the gallbladder. It is released 
when the hormone eholeeystokinin from the intestinal 
mneosa stimnlates eontraetion of the gallbladder. Bile is 
earried to the dnodennm by the bile duct. 

• Bile emulsifies fats, which aids their digestion by lipases. 

15.8 Small Intestine 

• The small intestine oeenpies much of the abdominopelvie 
eavity and eonsists of three segments: duodenum, jejunum, 
and ileum. Most of the digestive proeesses and absorption 
of nntrients occur in the small intestine. 

• The mucosa eontains numerous intestinal glands that 
seerete intestinal juice and villi that absorb nntrients. 
Seeretion of intestinal juice is aetivated by a neural 
reflex. 

• The brush border enzymes maltase, snerase, and 
laetase aet on eorresponding disaeeharides to form the 
monosaeeharides: glneose, fmetose, and galaetose. Bmsh 
border peptidases eonvert peptides into amino aeids. 

• End prodnets of digestion are absorbed into the villi. 
Monosaeeharides, amino aeids, water-soluble vitamins, 
minerals, and very small fatty aeids eross the epithelinm 
and enter the blood eapillaries of the villi. Large fatty 
aeids, monoglyeerides, eholesterol, and lipid-soluble 
vitamins are transported in mieelles to the intestinal 
lining and are absorbed into the epithelial eells. 
Monoglyeerides and fatty aeids are then reeombined to 
form triglyeerides. Clusters of triglyeerides, other lipids, 
and lipid-soluble vitamins are eoated with protein to 
form ehylomierons, which enter the laeteals of the villi. 

• IJndigested and nnabsorbed materials exit the small 
intestine and enter the large intestine throngh the ileal 
orifiee. 

15.9 Large Intestine 

• The large intestine eonsists of the cecum, eolon, reemm, 
and anal eanal. The appendix is an appendage of the 
cecum. 

• The large intestine is gathered into a series of ponehes by 
the taeniae eoli. Its mucosa laeks villi and seeretes only 
mucus. 

• The absorption of water and the formation and expulsion 
of feees are major fnnetions of the large intestine. Baeteria 
deeompose the nndigested materials. 

Mass peristaltie movements propel the feees into the 
reemm, initiating the defeeation reflex, which relaxes 
the internal anal sphineter. Volnntary relaxation of the 
external sphineter allows expulsion of the feees. 

15.10 Nutrients: Sources and Uses 

• Nntrients inelnde earbohydrates, lipids, proteins, 
vitamins, minerals, and water. The liver is involved in 
the metabolism of many nntrients. 

• Essential nntrients are nntrients that must be consumed 
because they eannot be synthesized by the body. 


• Cellular respiration eonsists of glyeolysis, the eitrie aeid 
eyele, and an eleetron transport ehain. Respiration of one 
moleenle of glneose yields 36 to 38 ATP. 

• End prodnets of earbohydrate, lipid, and protein 
digestion may be used in eellnlar respiration either 
direetly or after modifieation. 

• Dietary earbohydrates eome primarily from plant foods. 
Cellulose is a indigestible polysaeeharide that provides 
fiber in the diet. 

• The liver regnlates the eoneentration of glneose in the 
blood. Excess glneose is eonverted to glyeogen or fats for 
storage. These reaetions may be reversed to release more 
glneose into the blood. 

• Dietary lipids are mostly triglyeerides that occur either as 
samrated fats, usually in animal foods, or as nnsamrated 
fats, usually in plant foods. eholesterol occurs in egg 
yolks, milk, and meats. 

• Lipids form important parts of plasma membranes and 
myelin sheaths of nenrons. Fats are an energy source for 
many eells. Excess fats are stored in adipose tissue. The 
liver helps to regulate the eoneentration of triglyeerides 
and eholesterol in the blood. 

• Dietary proteins occur in meats, milk, eggs, eereals, nuts, 
and legnmes. The eight essential amino aeids eannot be 
synthesized by the body. Only animal proteins eontain 
all of the essential amino aeids. 

• Amino aeids are used primarily to synthesize protein in 
the body. These proteins form plasma proteins, enzymes, 
eertain hormones, and stmemral parts of eells. Amino 
aeids may be deaminated by the liver and used to form 
glucose or fat or may be used as an energy source by eells. 

• Vitamins are organie moleenles required in minute 
amounts for normal fnnetioning of the body. Water- 
solnble vitamins inelnde the B vitamins and vitamin C. 
Lipid-soluble vitamins inelnde vitamins A, D, E, and K. 

• Vitamins aet with enzymes to speed up essential 
ehemieal reaetions, such as cellular respiration, in eells. 

• Minerals are inorganie snbstanees that are neeessary 
for the normal fnnetioning of the body. Minerals are 
obtained by plants from the soil and are passed on to 
animals, inelnding humans, eating the plants. 

• Many minerals are a part of organie eomponnds in the 
body. Other minerals are deposited as salts in bones and 
teeth, and some occur as ions in body fluids. 

• There are seven major minerals that are required in 
moderate amonnts in the diet: ealeinm, phosphorns, 
potassinm, sulfur, sodium, ehloride, and magnesium. 

Other minerals of the body are required in traee amonnts. 

• MyPlate is a visual guide to help people regulate the 
portion sizes for eaeh food group at meals. 

15.11 Disorders of the Digestive System 

• Inflammatory disorders inelnde appendieitis, 
inflammatory bowel disease (IBD), irritable bowel 
syndrome (IBS), divertienlitis, hemorrhoids, hepatitis, 
periodontal disease, and peritonitis. 

• Other disorders inelnde eating disorders (anorexia 
nervosa and bnlimia), eirrhosis, eonstipation, dental 
earies, diarrhea, and gallstones. 
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Self-Revi ew 

^-* - 

Ansvvers are loeated in appendix B. 9. 

1. Digestive_speed up the hydrolysis of food mol- 

ecules to yield absorbable_. 

2. The deepest layer of the alimentary eanal wall is ealled 10. 

the_. 

3. Food is moved throngh the alimentary eanal by wavelike 

eontraetions ealled_. 11. 

4. A tooth is eomposed mostly of_, but the crown of 

a tooth is eovered by_. 

5. ehemieal digestion begins in the mouth, where 12. 

the enzyme_aets on stareh and glyeogen to 

yield_. 13. 

6. When food enters the esophagns, it is moved by_ 

and enters the stomaeh when the_relaxes. 14. 

7. Gastrie juice eontains the enzyme_, which breaks 

down_to peptides. 15. 

8. Gastrie seeretion is stimnlated by_nerve impnlses 

and by the hormone_. 


Crìtìcal Thìnkìn,^ 

1. Why ean ehronie diarrhea lead to severe homeostatie imbalanee? 

2. What defieit(s) will occur if the parietal eells within the gastrie glands fail to fnnetion? 

3. Sometimes medieations or aging ean cause ''dry mouth" (xerostomia), a eondition of insnffieient saliva prodnetion. What effeets 
would this cause in a patient? 

4. What is the advantage of blood from the intestines passing to the liver before entering the general eirenlation? 

5. Snggest the possible consequences of a genetie defeet that causes a deerease in mucus production along the entire length of 
the alimentary eanal. 


ADDITIONAL RESOURCES 


The hormones_and_aetivate the seeretion 

of panereatie juice, and the hormone_stimnlates 

the release of bile from the gallbladder. 

The three enzymes in panereatie juice are_, which 

aets on stareh and glyeogen;_, which aets on fats; 

and_, which aets on proteins. 

Digestion is eompleted in the_, where 

disaeeharides are eonverted to_and peptides 

are eonverted to_. 

Within the intestinal epithelinm, triglyeerides and other 

lipids are eoated in proteins to form_. 

Absorption of water and minerals and vitamins is the 
primary fnnetion of the_. 

The_proeesses and modifies absorbed nntrients 

before they enter the general eirenlation. 

Organie eomponnds that are essential to health in 
minute amounts are ealled 
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Because of his family history of hypertension (or high blood 
pressure), Peter lives an “anti-hypertensive” lifestyle to reduce 
his ehanees of developing the disorder. He engages in regular 
cardiovascular exercise to maintain a healthy body vveight, in 
addition to avoiding eanned and proeessed foods to reduce his 
dietary sodium intake. He even meditates regularly to help manage 
the stress effeets of everyday life. Hovvever, Peter is surprised at 
his annual physieal vvhen he is diagnosed vvith hypertension at the 
age of 39. After discussing all of the available treatment options, 
Peter opts to try the diuretic Lasix in conjunction vvith his regular 
exercise regimen and diet. Hovvever, he does not understand vvhy 
ehanging his kidney function vvill help to manage his blood pressure. 
The doetor explains that Lasix causes the kidneys to inerease 
urine output, vvhieh vvill result in a deerease in Peter's overall blood 
volume. By deereasing his blood volume, his blood pressure vvill also 
deerease. If deereasing his blood pressure vvill deerease his risk of 
stroke or heart attaek, Peter deeides he is more than vvilling to use 
the restroom more often during the day. 
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SELEGTED KEY TERMS 


Aeidosis eondition of arterial 
blood below pH 7.35. 

Alkalosis Gondition of arterial 
blood above pH 7.45. 

Glomemlar filtrate The flnid 
that enters the glomernlar eapsnle 
dnring glomernlar filtration. 
Glomerular filtration The foreing 
of water and small solntes from the 
blood plasma in a glomernlns into a 
glomernlar eapsnle. 

Glomerulus (glomns = ball) The 
elnster of eapillaries enveloped by 
the glomernlar eapsnle. 
Juxtaglomerular complex 
(juxta = next to) Speeialized eells 
of the afferent glomerular arteriole 


and aseending limb of the nephron 
loop that are involved in eontrolling 
glomernlar blood pressnre. 
Micturition (mietnre = to nrinate) 
IJrination. 

Nephron (nephros = kidney) 

The strnemral and fnnetional unit 
of the kidneys. 

Peritubular eapillaries (peri = 
around) Gapillaries surrounding the 
eortieal portion of a renal tubule. 
Renal eorpnsele (ren = kidney) 
The portion of a nephron eomposed 
of a glomerulus and its enveloping 
glomernlar eapsnle. 

Renal tubule The portion of a 
nephron eomposed of a proximal 


eonvolnted tubule, a nephron loop, 
and a distal eonvolnted tubule. 
Tubular fluid The fluid within 
the renal tubule. 

Tubular reabsorption The 
movement of snbstanees from the 
tubular fluid into the blood plasma. 
Tubular seeretion The movement 
of snbstanees from the blood plasma 
into the tubular fluid. 

Vasa reeta (rectus = straight) 
Straight vessels surrounding 
mednllary portion of the nephron 
loops. 

Water eonservation Proeess of 
water reabsorption in the eolleeting 
duct, which prevents dehydration. 


THE ORINARY SYSTEM GONSISTS of the kidneys, ure- 

ters, urinary bladder, and nrethra. The paired kidneys 
maintain the eomposition and volume of body fluids by 
removing wastes and excess snbstanees in the formation 
of urine, the fluid waste produced by the kidneys. Lfreters 
are slender mbes that earry urine from the kidneys to the 
arinary bladder for temporary storage. IJrine is earried from 
the nrinary bladder and is expelled from the body throngh 
the arethra (figure 16.1). 


16.1 Functìons of the Llrinary 
System 

Learning Objeetives 

1. Deseribe the general functions of the urinary system. 

2. Explain how nitrogenous wastes are kept within nor- 
mal limits in body fluids. 




Adrenal glands 

Renal artery 
Renal vein 

Tenth rib 

Left kidney 

Right kidney 

Inferior vena eava 

Abdominal aorta 

Llreters 

Uterus 

Drinary bladder 
Drethra 


Parietal peritoneum 

Abdominal eavity 



Renal faseia 
Adipose tissue 

Fibrous capsule 



Figure 16.1 (a) The urinary system eonsists of two kidneys, two ureters, a urinary bladder, and a urethra. (òj Transverse 
seetion showing the retroperitoneal position of the kidneys and their surrounding support structures. ÍSpIR] 
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The normal metabolie aetivities of body eells prodnee a 
nnmber of waste materials that tend to ehange the balanee 
of water and dissolved snbstanees in body flnids. The basie 
fnnetion of the nrinary system is to maintain the volnme 
and eomposition of body flnids within normal limits. 

1 . Maìntenanee of body flnid eomposition. One 

major fnnetion of the kidneys is to keep the volnme 
and eomposition of blood plasma at homeostasis. 
This is aeeomplished by balaneing of the eoneentra- 
tion of water and eleetrolytes, in addition to blood 
pH, throngh the formation of nrine. 

2. Maintenanee of blood pressnre. Whenever the 
kidney senses a deerease in blood pressnre, they 
seerete renin. Renin is an enzyme that triggers the 
renin-angiotensin meehanism, which inereases 
blood pressnre. 

3. Seeretion of erythropoietin. When the blood 
oxygen level falls below normal, the kidneys 
release more erythropoietin, which stimnlates RBC 
formation by red bone marrow. The inerease in 
RBC nnmber helps inerease the blood oxygen level. 

4. Gonversion of vitamin D. In response to 
parathyroid hormone (PTH), the kidney eonverts 
inaetive vitamin D to its aetive form. Aetive vitamin 
D is important in maintaining blood Ca^“^ levels. 

5. Excretion of nitrogenons wastes. The kidneys 
do not remove all nitrogenons wastes but keep 
their eoneentrations in the blood within tolerable 
limits. The primary nitrogenous wastes produced 
by cellular metabolism are urea, uric aeid, and 
ereatinine (see table 16.1). 

Urea is a waste prodnet of amino aeid 
metabolism. In order for amino aeids to be used 
as an energy source in eellnlar respiration or 
eonverted into glneose or fat, the liver removes 
the amine (—NH^) groups from them. The 
amine groups reaet to form ammonia, which is 
eonverted to the less toxic urea by the liver. 


• Uric aeid is a waste product of nucleic aeid 
metabolism. An abnormally elevated eoneentration 
of uric aeid in the blood and the deposition of 
uric aeid erystals in joints are eharaeteristie of a 
hereditary disorder ealled gom. Joints of the hands 
and feet are often the sites of uric aeid deposition, 
which prodnees inflammation and severe pain. 

• ereatinine is a waste prodnet of muscle 
metabolism and, speeifieally, the breakdown 
of ereatine phosphate. 



eheek 



Understandinq 


1. What organs eompose the nrinary system, and 
what are their fnnetions? 

2. What are the general fnnetions of the nrinary 
system? 


16.2 Anatomy of the Kidneys 

Learning Objeetives 

3. Deseribe the structure and blood supply of the 
kidney. 

4. Deseribe the structure and functions of a nephron. 

The kidneys are reddish brown, bean-shaped organs loeated 
bilateral to the vertebral column in the retroperitoneal 
spaee posterior to the abdominal eavity (figure 16.lò). 
They lie posterior to the parietal peritoneum, which 
eovers their anterior snrfaees. The kidneys are loeated 
between the levels of the twelfth thoraeie vertebra and 
the third lumbar vertebra and are partially proteeted by 
the floating ribs. Eaeh kidney is proteeted by three layers 
of eonneetive tissue. A thin fibroas eapsale tightly envel- 
ops eaeh kidney, snpporting the soft internal tissnes. A 
thiek layer of adipose tissue serves as a cushioning shoek 
absorber, and a fibrons renal faseia attaehes eaeh kidney to 
the abdominal wall. 


Table 16.1 Concentrations of Seleeted Chemicals in Blood, Glomerular Filtrate, and Llrine* 


ehemieals 

Blood (g/l) 

Glomerular Filtrate (g/l) 

Llrine (g/l) 

Protein 

44.4 

0.0 

0.0 

Ghloride (C1“) 

3.5 

3.5 

6.3 

Sodium (Na"^) 

3.0 

3.0 

3.8 

Biearbonate (l-ieO^D 

1.7 

1.7 

0.4 

Glucose 

1.0 

1.0 

0.0 

Urea 

0.2 

0.2 

25.0 

Potassium (K“^) 

0.2 

0.2 

5.0 

Uric aeid 

0.05 

0.05 

0.8 

Greatinine 

0.01 

0.01 

1.5 


*Based on 180 liters of glomerular filtrate and 1.25 liters of urine produced in a 24-hour period. 
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Gross Anatomy 

Eaeh kidney is convex laterally and eoneave medially 
with a medial indentation ealled the hilam. Blood vessels, 
lymphatie vessels, nerves, and the nreter enter or exit at 
the hilnm. An adnlt kidney is abont 12 em long, 7 em 
wide, and 2.5 em thiek. 

The internal maeroseopie anatomy of a kidney is 
best observed in frontal seetion, as shown in fignre 16.2«. 
Two fnnetional regions of the kidney are evident: the 
renal cortex and the renal mednlla. The renal cortex 
is the relatively thin, snperfieial layer. Deep to the renal 
cortex is the renal mednlla, which eontains the eone- 
shaped renal pyramids. The apex, or renal papilla, of eaeh 
pyramid extends toward the renal pelvis, the most een- 
tral strnetnre of the kidney. Narrow portions of the renal 
cortex, the renal eolnmns, extend into the renal mednlla 
between the renal pyramids. 

The work of the kidneys is performed by miero- 
seopie strnetnres ealled nephrons (nef'-rons). Neph- 
rons originate in the renal cortex, dip into the renal 
mednlla, retnrn to the renal cortex, and nltimately join 
a eolleeting duct, as shown in fignre 16.2Ò. Nephrons 
prodnee nrine, which flows into the eolleeting dnets of 
renal pyramids. 

The renal papilla of eaeh renal pyramid fits into a 
fnnnel-shaped minor calyx (kà'-lix), which reeeives nrine 


from the eolleeting dnets. Two or three minor ealyees 
(kà'-li-sèz) eonverge to form a major calyx, and two or 
three major ealyees merge to form the fnnnel-like renal 
pelvis. The renal pelvis is eontignons with the nreter. 
Thus, the pathway of urine from nephrons to ureter is as 
follows: nephrons ^ eolleeting ducts ^ minor ealyees ^ 
major ealyees ^ renal pelvis ^ ureter. IJrine is earried by 
the ureter to the urinary bladder by peristalsis. 

Mieroseopie Anatomy 

Eaeh kidney eontains about 1 million nephrons, the func- 
tional units of the kidneys. A nephron eonsists of two major 
parts: a renal eorpnsele and a renal tubule. Eigure 16.3 shows 
the structure of a nephron and its assoeiated blood vessels. 

Renal eorpnseles are loeated in the renal cortex 
of the kidneys. Eaeh renal eorpnsele is eomposed of a 
glomerulus (glò-mer'-u-lus, plural, glomernlì), a tuft of eap- 
illaries, which is enelosed in a double-walled glomerular 
(Boivman) capsule. The glomerular capsule is an expanded 
extension of a renal tubule. 

A renal tubule leads away from the glomerular eap- 
sule and eonsists of three sequential segments. The first part 
of the renal tubule is the proximal eonvolmed mbale (PCT). It 
leads from the glomerular capsule to the nephron loop, the 
Ll-shaped seeond part of the tubule. The deseending limb 
of the nephron loop deseends into the renal mednlla, and 
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Figure 16.2 Internal Structure of the Kidney. 

(a) Frontal seetion of a kidney. (b) A renal pyramid showing the orientation of nephrons and eolleeting ducts. 
(ej A single nephron. (^PiR] 
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the aseending limb of the nephron loop aseends baek into 
the renal cortex. The aseending limb of the nephron loop is 
eontinnons with the distal eonvolated mbale (DCT), the third 
segment of the renal tubule, which unites with a eolleeting 
duct. Several nephrons unite with a single eolleeting duct. 
eolleeting ducts begin in the renal cortex and extend the 
length of a renal pyramid to its papilla, where the eolleeting 
ducts merge before emptying into a minor calyx. 

Types of Nephrons 

There are two types of nephrons in the kidney: about 80% 
are eortieal nephrons, and about 20% are juxtamedullary 
nephrons. The glomernlar eapsnles of eonieal nephrons 
are loeated snperfieially in the renal cortex. The nephron 
loops of these nephrons are loeated almost entirely in the 
renal cortex of the kidney. Gortieal nephrons are impor- 
tant in adjnsting the eomposition of the urine. In eontrast, 
the glomernlar eapsnles of juxtamedullary nephrons are 
loeated deep in the renal cortex near the renal mednlla. 
The nephron loops of these nephrons penetrate deep into 
the mednlla. Juxtamedullary nephrons play an important 
role in regnlating water eontent of the blood plasma. 

Renal Blood Sopply 

The kidneys reeeive a large volume of blood-1,200 ml 
per minute, which is about one-fourth of the total eardiae 


output. Eaeh kidney reeeives blood via a renal artery, which 
branehes from the abdominal aorta. Within eaeh kidney, 
the renal artery branehes to form three or four seymental 
arteries, which braneh fnrther to form several interlobar 
arteries that run along the renal eolnmns between the 
renal pyramids to the renal cortex. These arteries braneh to 
form smaller and smaller arteries and finally form arterioles. 

In the renal cortex, afferent glomernlar arterioles 
braneh from the smallest arteries, and eaeh afferent glo- 
mernlar arteriole earries blood to a glomerulus. Blood 
leaves a glomerulus in an efferent glomernlar arteriole. 
Note that a glomerulus is a eapillary ball between two 
arterioles. The efferent glomernlar arteriole usually leads 
to peritnbnlar eapillaries, which surround the eortieal 
portion of the renal tubule. Sometimes the efferent 
glomernlar arteriole leads to the vasa reeta, which are 
vessels surrounding the nephron loops and eolleeting 
ducts within the renal mednlla. Blood from the peritubu- 
lar eapillaries and vasa reeta enters a venule, progressively 
larger veins that merge to form interlobar veins, which 
finally join to form the renal vein. A renal vein earries blood 
from eaeh kidney to the inferior vena eava (fignres 16.3 
and 16.4; see figure 16.1). 

Juxlaglomerular Complex 

The juxtaglomerular (juks-tah-glo-mer'-u-lar) complex of 
eaeh nephron is loeated where the aseending limb of the 
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Figure 16.3 A nephron and its assoeiated blood vessels. The nephron has been stretehed outto show its parts more 
elearly. Arrows show the direetion of blood flow. &P|R] 
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Figure 16.4 Main branehes of the renal artery and renal 
vein. 

nephron loop eontaets the afferent and efferent glomern- 
lar arterioles near the glomernlns (fignre 16.5). It eonsists 
of two gronps of speeialized eells: grannlar eells and the 
maenla densa. Granalar eells, or juxtaglomerular epitheli- 
oid eells, are large smooth muscle eells in the walls of 
the afferent and efferent glomernlar arterioles near their 
attaehment to the glomerulus. The maeala densa eon- 
sists of rather narrow, tightly paeked eells eomposing the 
aseending limb where it eontaets the afferent and efferent 
glomernlar arterioles. The juxtaglomerular complex helps 
to regulate blood pressure, as you will see shortly. 



eheek 



Understandinq 


3. What are the structural and fnnetional differenees 
between eortieal and juxtamedullary nephrons? 

4. How does blood flow to, throngh, and away from 
the nephron? 



16.3 Llrine Formation 

Learning Objeetives 

5. Gompare glomerular filtration, tubular reabsorption, 
and tubular seeretion. 

6. Explain how urine is formed. 

7. indieate the normal eomponents of urine. 


The formation of urine is a homeostatie meehanism that 
maintains the eomposition and volume of blood plasma 
within normal limits. In the prodnetion of urine, nephrons 
perform three basie fnnetions: (1) They regnlate the eon- 
eentration of solntes, such as nutrients and ions, in blood 
plasma, and this also regnlates blood pH. (2) They regnlate 
the eoneentration of water in blood plasma, which in turn 
helps regnlate blood pressnre. (3) They remove metabolie 
wastes and excess snbstanees from the blood plasma. 

Four proeesses are crucial to the formation of urine: 
(1) Glomemlar fìltratìon moves water and solntes, 
except plasma proteins, from blood plasma into the glo- 
mernlar eapsnle. The fluid that enters the glomernlar 
eapsnle is ealled glomemlar filtrate. Formed elements 
normally are not part of the glomernlar filtrate. Onee the 
glomernlar filtrate passes from the glomernlar eapsnle into 
the renal tubule it is renamed tubular fluìd. (2) Tubular 
reabsorption removes useful substances from the tubu- 
lar fluid and remrns them into the blood plasma, and 
(3) tubular seeretion moves additional wastes and 
excess snbstanees from the blood plasma into the tubular 
fluid. (4) Water eonservation removes water from the 
urine, remrning it into the blood plasma (figure 16.6). 


Glomerular Filtratien 

Urine formation starts with glomemlar filtration, a proeess 
that forees some of the water and dissolved snbstanees 
in blood plasma from the glomemli into the glomemlar 
eapsnles. Two major faetors are responsible for glomem- 
lar filtration: (1) the inereased permeability of glomemlar 
eapillary walls and (2) the elevated blood pressnre within 
the glomemli. 

Glomemlar eapillaries are much more permeable to 
substances in the blood plasma than are other eapillaries 
beeanse their walls eontain numerous pores, as shown in 
figure 16.5c. These pores allow water and most dissolved 
snbstanees to easily pass throngh the eapillary walls 
into the glomemlar eapsnles. Unlike other eapillaries, 
glomemlar eapillaries are enveloped by speeialized eells 
ealled podoeytes, which have numerous fingerlike eellnlar 
extensions that wrap around the eapillaries. Podoeytes 
help prevent plasma proteins, and formed elements from 
entering glomemlar eapsnles. 

The elevated glomemlar blood pressnre resnlts 
beeanse the diameter of the efferent glomemlar arteri- 
ole is smaller than that of the afferent glomemlar arteri- 
ole. Beeanse blood ean enter a glomemlns at a faster rate 
than it ean leave it, the greater blood volume within the 
glomemlns ereates an inerease in blood pressnre. The glo- 
memlar blood pressnre provides the foree for glomemlar 
filtration. 

The result of glomerular filtration is the prodnetion of 
glomemlar filtrate that eonsists of the same snbstanees that 
eompose blood plasma, except for plasma proteins that are 
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Figure 16.5 Juxtaglomerular Complex. 

(a) The juxtaglomerular complex is loeated vvhere the aseending limb of the nephron loop eontaets the afferent and 
efferent glomerular arterioles near a glomerulus. (b) Enlargement shovving the granular eells and macula densa, vvhieh 
eompose the juxtaglomerular complex. (e) Magnifieation of the pores through vvhieh glomerular filtration occurs. 


too large to pass through the pores of the glomerular eapil- 
laries. Because glomerular filtration is a nonseleetive pro- 
eess, the eoneentrations of these snbstanees are the same in 
both blood plasma and glomernlar filtrate (table 16.1). 

Glomerular Filtration Rate 

Glomemlar filtration rate (GFR) is about 125 ml per 
minute, or 7.5 liters per hour. This means that the entire 
volume of blood is filtered every 40 minutes! In 24 hours, 
about 180 liters (nearly 45 gallons) of glomernlar filtrate 
is prodneed. Hovvever, most of the glomernlar filtrate is 
reabsorbed, as you will see shortly. 

Maintenanee of a relatively stable GFR is nee- 
essary for normal kidney fnnetion. The GFR varies 
direetly with glomernlar blood pressnre, which, in turn, 
is primarily determined by systemie blood pressnre. 
The GFR is regnlated by three homeostatie proeesses: 
renal autoregulation, sympathetie eontrol, and the 
renin-angiotensin meehanism. These proeesses operate 


primarily by eontrolling the diameter of afferent glo- 
mernlar arterioles to keep the GFR within normal limits. 

Renal amoregalation is the meehanism that keeps 
the GFR within normal limits, without extrinsic neural 
or hormonal eontrol, in response to moderate variations 
in systemie blood pressnre. One way this occurs is by the 
response of smooth muscle in the afferent glomernlar arte- 
riole wall to blood pressnre ehanges. If the afferent glomer- 
ular arteriole is stretehed by inereased blood pressnre, it 
eontraets; the smaller diameter of the afferent glomernlar 
arteriole means less blood volume enters the glomerulus, 
thus deereasing blood pressnre within the glomerulus. A 
deeline in blood pressnre causes the arteriole to dilate, 
which keeps the GFR stable. 

Another autoregulatory meehanism involves the jux- 
taglomerular complex. The juxtaglomerular complex mon- 
itors the GFR by using the macula densa to sense ehanges 
in the flow rate and ehemieal eomposition in the tubu- 
lar fluid of the aseending limb. If the GFR inereases, the 
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Figure 16.6 The major steps of urine formation. 


granular eells eonstriet the afferent glomerular arteriole, 
keeping the GFR normal. If the GFR deelines, the afferent 
glomernlar arteriole relaxes to maintain a normal GFR. 

Sympathetie eontrol is a fnnetion of the sympathetie 
division of the antonomie nervons system, which over- 
rides renal autoregulation in times of large systemie blood 
pressnre shifes or during the 'Tight or flight” response. If 
a drop in systemie blood pressnre is deteeted, afferent 
glomernlar arterioles are eonstrieted, which deereases glo- 
mernlar pressnre and GFR. This deereases urine formation, 
which eonserves water to maintain normal blood pressnre 
and volume. If an inerease in blood pressnre is deteeted, 
the afferent glomernlar arteriole dilates as a result of the 
sympathetie eontrol being removed, which inereases glo- 
mernlar pressnre and the GFR. This resnlts in an inerease 
in urine prodnetion and water excretion to maintain nor- 
mal blood pressnre and volume. 

The renin-angiotensin meehanism is triggered when 
the juxtaglomerular complex deteets a reduced GFR and 
releases the enzyme renin. Renin is seereted in response 
to (1) sympathetie stimnlation; (2) a drop in blood pres- 
sure in the afferent glomernlar arteriole; and (3) deteetion 
of a rednetion of Na^, K^, and Cl“ levels in the tubular 
fluid in the aseending limb of the nephron loop by the 
macula densa (see figure 16.5). Renin eonverts a plasma 
protein (angiotensinogen), which is formed by the liver. 


into angiotensin 1. Angiotension 1 is rapidly eonverted 
into angiotensin 11 by the angiotensin-eonverting enzgme 
(ACE) released from endothelial eells of eapillaries in the 
lungs and other organs. Angiotensin 11 eonstriets the effer- 
ent glomernlar arterioles to maintain blood pressnre in 
glomernli, which maintains an adequate GFR in spite of a 
deeline in blood pressnre. It also aets to restore blood vol- 
ume and blood pressnre by (1) eonstrieting systemie arte- 
rioles; (2) stimnlating aldosterone seeretion by the adrenal 
cortex, which promotes the reabsorption of Na“^, which in 
turn promotes the reabsorption of water by osmosis; (3) 
stimnlating seeretion of antidinretie hormone (ADH) by 
the posterior lobe of the pimitary gland, which promotes 
water reabsorption; and (4) stimnlating thirst, which pro- 
motes water intake (figure 16.7). 

Atrial natriaretie peptide (ANP) is seereted by atria 
of the heart when they are stretehed by an excessive 
blood volume. ANP promotes water excretion by inereas- 
ing GFR, and inhibiting Na^ reabsorption in the DCT, 
which resnlts in a deerease in blood volume and, in mrn, 
a deerease in blood pressnre. 



ACE inhibitors are a group of drugs eommonly used 
to treat hypertension. These drugs help to reduce 
the blood pressure by deereasing the aetivity of 
ACE, resulting in deereased production of angio- 
tensin II. Deereased production of angiotensin II 
leads to deereased blood pressure. 
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Figure 16.7 The renin-angiotensin meehanism. The 
multiple aetions of angiotensin II help to maintain the 
GFR and systemie blood pressure. 
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Tubular Reabsorption 
and Tubular Seeretion 

Tubular reabsorption and tubular seeretion involve 
both aetive and passive transport meehanisms. The 
effeetiveness of passive transport of any snbstanee 
depends upon (1) the permeability of the renal tubule, 
peritubular eapillaries, and vasa reeta to the snbstanee, 
and (2) the eoneentration gradient of the snbstanee. 

Events in the Proximal Convoluted Tubule 

About 65% of the tubular fluid is reabsorbed in the 
PCT. All nntrients, such as glucose and amino aeids, are 
aetively reabsorbed here. Positively eharged ions, such as 
those of Na^, K^, and Ca^^, are also aetively reabsorbed. 
The aetive reabsorption of positively eharged ions causes 
negatively eharged ions, such as Cl“ and HeO^T to be 
passively reabsorbed by eleetroehemieal attraetion. The 
reabsorption of these snbstanees inereases the osmotie 
pressnre of the blood plasma in the peritubular eapillaries 
and deereases the osmotie pressnre of the tubular fluid. 
This causes water to be passively reabsorbed from the 
tubular fluid by osmosis (figure 16.8). 


Tubular seeretion is the proeess that extracts sub- 
stanees from blood plasma in the peritubular eapillar- 
ies and seeretes them into the tubular fluid in the renal 
tubule. Metabolie wastes, such as urea and uric aeid, and 
drugs, are removed from the blood in this way. It not only 
removes unwanted wastes but also helps regulate the pH 
of body fluids by seleetively removing H^ and HeO^”. 

Events in the Nephron Loop 

Water is passively reabsorbed by osmosis from the 
deseending limb of the nephron loop into the eapillaries 
snpplied by the vasa reeta. The aseending limb is imper- 
meable to water, but solutes are reabsorbed passively by 
difhision from the proximal aseending limb (figure 16.9). 

The aseending limb aetively pumps Na“^ out of the 
tubular fluid, and and Cl~ follow passively into the 
interstitial fluid. Some K^ reenter the tubule, but Na“^ and 
Cl“ remain in the interstitial fluid. The accumulation of 
ions in the interstitial fluid of the renal mednlla estab- 
lishes a strong osmotie gradient for the reabsorption of 
water from the deseending limb and the eolleeting duct. 
Establishing this osmotie gradient is a major fnnetion of 
the nephron loop. 
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Figure 16.8 Reabsorption and seeretion in the proximal convoluted tubule. 
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Tubular seeretion does not occur in the nephron 
loop. At the end of the nephron loop, the tubular fluid 
is quite dilute due to the removal of many solntes. It still 
eontains about 20% of the water and 10% of the salts that 
were present in the glomernlar filtrate. 

Events in the Distal Convoluted Tubule 


Parathyroid hormone (PTH) and aetive vitamin D 
also affeet the DCT. They eontrol the amount of Ca^“^ 
reabsorption that takes plaee in the DCT and are very 
important in maintaining blood Ca^^ homeostasis, as will 
be disenssed fnrther in the "'Eleetrolyte Balanee'' seetion 
of this ehapter. 

Aldosterone release ean also be triggered by 
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Reabsorption in the DCT is under hormonal eontrol. The 
aetive reabsorption of Na^ from the tubular fluid into peri- 
tubular eapillaries is promoted by the hormone aldosterone. 
Passive reabsorption of negative ions, such as Cl“ and HeO^", 
then occurs by eleetroehemieal attraetion. The reabsorption 
of ions deereases the osmotie pressnre of the tubular fluid, 
which causes water to be reabsorbed into the blood plasma 
by osmosis. However, the amount of water reabsorbed 
from the tubular fluid in the DCT is eontrolled by ADH 
(figure 16.9). Aetivating the renin-angiotensin system causes 
these two hormones to inerease sodium and water reabsorp- 
tion, which inereases blood volume and blood pressnre. 


inereased blood levels (hyperkalemia). Aldosterone 
causes the DCT to aetively seerete from blood plasma 
in the peritubular eapillaries into the distal eonvolnted 
tubule. Hydrogen ions are also aetively seereted, as neees- 
sary, to maintain the normal blood pH. When neeessary, 
the DCT is the site of aetive and passive drug seeretion 
and elimination. 
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eonvomted tubule 


See figure 16.8 


Deseendmg hmb 


of nephron loop 


VVater reabsorption 


Figure 16.9 Reabsorption and seeretion in the nephron loop, distal convoluted tubule, and eolleeting duct. 
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Water Conservation 

The tubular fluid entering the eolleeting duct is approxi- 
mately isotonie with the blood plasma, so it still eontains 
a lot of water. Onee tubular fluid enters the eolleeting 
duct it is renamed arine. Beeanse the eolleeting duct 
extends from the renal cortex throngh the renal mednlla 
to the renal papilla the eoneentration of ions in the sur- 
rounding interstitial fluid inereases along the length of 
the eolleeting duct. Reeall that Na^, K^, and Cl“ have 
been moved into the interstitial fluid by the aseending 
limb of the nephron loop. This ereates a strong osmotie 
gradient that causes the passive reabsorption of water 
from the urine in the eolleeting duct by osmosis. The 
reabsorption of water causes the urine to beeome eon- 
eentrated and hypertonie to blood plasma by the time 
it exits the eolleeting duct. The reabsorption of water 
from the eolleeting duct is regulated by ADH, which 
inereases the eolleeting ducCs permeability to water 
(figure 16.9). Only 1% of the original glomernlar filtrate 
volume remains as urine. 

Table 16.2 snmmarizes the fnnetions of eaeh 
segment of a nephron in the formation of urine. 


eharaeteristies of llrine 

The volume of urine prodneed in a 24-hour period usu- 
ally is 1.5 to 2.0 liters. In healthy persons, fresh urine is 
usually elear with a pale yellow to light amber eolor and 
a eharaeteristie odor. The eolor is due to the presenee 
of moehrome, a snbstanee prodneed by the breakdown of 
bile pigments in the intestine. The more eoneentrated the 
urine, the darker is its eolor. 

IJrine is usually slightly aeidie (about pH 6), although 
the normal pH range extends from 4.8 to 7.5. Variations 
in pH usually result from the diet. High-protein diets 
inerease the aeidity. Gonversely, vegetarian diets tend to 
make the urine more alkaline. 

Urine is heavier than water beeanse of the many 
solntes it eontains. The term speeifie gravity is used to 
eompare how much heavier urine is than water. Pure 
water has a speeifie gravity of 1.000, and the speeifie grav- 
ity of normal urine ranges from 1.002 (dilute urine) to 
1.030 (eoneentrated urine). Speeifie gravity is a measnre 
of the eoneentration of a urine sample. 

The usual solutes of urine have been disenssed ear- 
lier in this seetion (table 16.1). Snbstanees not normally 


Table 16.2 Summary of the Functions of Nephrons and Collecting Ducts 


Structure 

Function 

Renal Corpuscle 

Gloinerulus 

Glomerular filtration 

Glomerular blood pressure forees some of the vvater and dissolved substances (except 
proteins) from the blood plasma through the pores in the glomerular eapillary vvalls 

Gloinerular capsule 

Reeeives glomerular filtrate from glomerulus 

Renal Tubule 

Proximal convoluted tubule 

Aetive reabsorption of all nutrients, including glucose and amino aeids 

Aetive reabsorption of positively eharged ions like sodium, potassium, calcium, and magnesium 

Passive reabsorption by eleetroehemieal attraetion of negatively eharged ions such as 
biearbonate 

Passive reabsorption of vvater by osmosis 

Aetive seeretion of hydrogen and biearbonate ions 

Nephron loop 

Deseending limb 

Passive reabsorption of vvater by osmosis 

Aseending limb 

Aetive reabsorption of sodium ions into the interstitial fluid of the renal medulla 

Passive reabsorption of ehloride and potassium ions 

Distal convoluted tubule 

Aetive reabsorption of calcium ions under the influence of PTH and aetive vitamin D 

Aetive reabsorption of sodium ions under influence of aldosterone 

Passive reabsorption by eleetroehemieal attraetion of negatively eharged ions such as ehloride 
and biearbonate 

Passive reabsorption of vvater by osmosis under the influence of ADH 

Aetive seeretion of hydrogen ions 

Aetive seeretion of potassium ions underthe influence of aldosterone 

Golleeting duct 

Passive reabsorption of vvater by osmosis under the influence of ADH 
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found in urine are glneose, proteins, formed elements, 
hemoglobin, and bile pigments. The presenee of any of 
these snbstanees snggests possible pathologieal eonditions. 
Normal values of urine eomponents and some indieations 
of abnormal values are listed on the inside baek eover. 



eheek 



Understandinq 


5. What are the meehanisms of glomernlar filtration, 
tubular reabsorption, tubular seeretion, and water 
eonservation? 

6. For eaeh seetion of a nephron and the eolleeting 
duct, what substances are reabsorbed and seereted 
during the formation of the urine entering the 
minor calyx? 



16.4 Excretion of (Jrine 

Learning Objeetives 

8. Deseribe the structure and function of the ureters, 
urinary bladder, and urethra. 

9. Deseribe the eontrol of micturition. 

The term arinary traet refers eolleetively to the renal 
pelvis, the nreters, the nrinary bladder, and the nrethra. 
These strnemres fnnetion to earry urine from the kidneys 
to the external environment. Urine passes from the renal 
pelvis into the ureter and is earried by peristalsis to the 
nrinary bladder. Urine is voided from the nrinary bladder 
throngh the nrethra. 

Ilreters 

Eaeh ureter is a slender tube about 25 em (10 in) long 
that extends from a kidney to the nrinary bladder. It 
begins at the kidney with the fnnnel-shaped renal pelvis 




niea 
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A routine urinalysis is a eommon elinieal test that 
provides information about kidney function and also 
about general health of the body. Kidney function 
is also assessed by two blood tests. The blood 
urea nìtrogen (BUN) test evaluates how effeetively 
the kidney removes urea from the blood. The nor- 
mal BUN value is 6 to 20 mg per 100 ml of blood. 
In acute kidney failure and in later stages of ehronie 
kidney failure, BUN may range from 50 to 200 mg 
per 100 ml of blood. Blood (sernm) ereatlnlne is 
another test that assesses kidney effeetiveness. 
ereatinine levels in the blood are normally stable 
(0.6-1.5 mg/100 ml), so an inerease indieates a 
deerease in kidney function. 


and enters the inferior lateral margin of the nrinary blad- 
der (figure 16.10; see figure 16.1). 

The wall of a ureter is formed of three layers. The 
external fibrons layer is eomposed of dense irregnlar eon- 
neetive tissue. The middle layer eonsists of smooth mus- 
ele eells that produce peristaltie waves for urine transport. 
The internal layer is a mucosa that is continuous with 
that of the renal pelvis and the nrinary bladder. A flaplike 
fold of mucosa in the nrinary bladder eovers the opening 
of the ureter, and it fnnetions as a valve that prevents 
backflow of urine into the ureter. 

IJrinary Bladder 

The urinary bladder is a hollow, muscular organ loeated 
posterior to the pubic symphysis within the pelvie eav- 
ity. It lies inferior to the parietal peritonenm. The nrinary 
bladder provides temporary storage of urine, and its size 
and shape vary with the volume of urine that it eontains. 
When filled with urine, it is almost spherieal as its supe- 
rior surface expands. When empty, its snperior snrfaee 
eollapses, giving a deflated appearanee. 

The internal floor of the nrinary bladder eontains 
the trigone (tri'-gón), a smooth, triangnlar area that eon- 
tains an opening at eaeh of its angles. The openings of the 
nreters are loeated at the two laterally loeated posterior 
angles, and the opening of the nrethra is loeated at the 
anterior angle (figure 16.10). 

Four layers eompose the wall of the urinary bladder. 
The most internal layer is the maeosa, which is eomposed 
of transitional epithelinm that is adapted to the repeated 
stretehing of the nrinary bladder wall. The epithelinm 
stretehes, and its thiekness deereases as the nrinary blad- 
der fills with urine. 

The mucosa is supported by the underlying submu- 
eosa formed of areolar eonneetive tissue eontaining an 
abnndanee of elastie fibers. Blood vessels and nerves sup- 
plying the nrinary bladder are present in the submucosa. 

Smooth muscle eells eompose the third, and thiek- 
est, layer. These eells form a muscle ealled the detrasor 
(dé-tru'-sor). The detrusor is relaxed as the urinary bladder 
fills with urine, and it eontraets as urine is expelled. Gells 
of the detrnsor form an internal arethral sphineter at the 
jnnetion of the nrinary bladder and the nrethra. 

The external layer eonsists of the parietal peri- 
toneum, but it eovers only the snperior portion of the 
nrinary bladder. The remainder of the nrinary bladder sur- 
faee is eoated with dense irregnlar eonneetive tissue. 

Ilrethra 

The urethra is a thin-walled tube that earries urine from 
the nrinary bladder to the external environment. The ure- 
thral wall eontains smooth muscle eells and is snpported 
by eonneetive tissue. The internal lining is a mucosa that 
is continuous with the mucosa of the urinary bladder. An 
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Rugae 


Dreterie 
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Figure 16.10 Llrinary Bladder and Llrethra in Frontal Seetion. 

(a) Male. (b) Female. (e) Magnifieation of the wall of the urinary bladder. 


external methral sphineter, which is eomposed of skeletal 
muscle fibers, is loeated where the urethra penetrates the 
pelvie floor. 

The female urethra is quite short, about 3 to 4 em 
(1.5 in) in length. The external nrethral orifiee, its exter- 
nal opening, lies anterior to the vaginal orifiee. The male 
nrethra is much longer, about 16 to 20 em (6-8 in) in 
length, beeanse the nrethra runs the length of the penis. 
The external nrethral orifiee is at the tip of the penis. 


Miclurition 


Micturition (mik-tu-rish'un), or nrination, is the aet of 
expelling urine from the nrinary bladder. Althongh the 
nrinary bladder may hold up to 1,000 ml of urine, mictu- 
rition usually occurs long before that volume is attained. 
When 200 to 400 ml of urine have accumulated in the 
nrinary bladder, streteh reeeptors in the nrinary bladder 
wall are stimnlated and they trigger the mietmition reflex. 
This reflex sends parasympathetie nerve impnlses to the 
detrnsor, eansing rhythmie eontraetions. As this reflex 
eontinnes, it causes the involuntarily eontrolled internal 


nrethral sphineter to open and the person beeomes aware 
of the desire to nrinate. The aet of nrinating then beeomes 
a eonseionsly eontrolled proeess. If the volnntarily eon- 
trolled external nrethral sphineter is relaxed, miemrition 
occurs; if it is not relaxed, miemrition is postponed. 

Miemrition may be postponed by keeping the exter- 
nal sphineter volnntarily elosed, and in a few moments the 
urge to urinate snbsides. After more urine enters the nrinary 
bladder, the miemrition reflex is aetivated again, and the 
urge to urinate remrns. Miemrition eannot be postponed for 
long periods of time. After a while, the reflex ovenvhelms 
volnntary eontrol and miemrition occurs, ready or not. 

An infant is not able to be toilet trained until neu- 
ral development allows eontrol of the external nrethral 
sphineter muscle. Voluntary eontrol is possible shortly 
after two years of age. 



eheek 



Understandinq 


. How is miemrition eontrolled? 
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16.5 Maintenanee of Blood 
Plasma Composítíon 

Learning Objeetives 

10. Explain how water balanee is maintained in body fluids. 

11. Explain how eleetrolyte balanee is maintained in body 
fluids. 

12. Explain how pH balanee is maintained in body fluids. 

The eomposition and volnme of blood plasma are affeeted 
by diet, eellnlar metabolism, and nrine prodnetion. The 
intake of food and liquids provides the body with water 
and a variety of nutrients, inelnding minerals, that are 
absorbed into the blood. Cellular metabolism uses nutri- 
ents and prodnees waste prodnets, inelnding nitrogenons 
wastes. Urine prodnetion retains essential nntrients and 
minerals in the blood plasma but removes some water 
along with excess snbstanees and nitrogenons wastes. In 
healthy people, the kidneys are able to keep the eomposi- 
tion and volume of the blood plasma relatively eonstant 
in spite of variations in diet and eellnlar aetivity. 

Water and Eleetrolyte Balanee 

Two important eomponents of blood plasma and other 
body fluids are water and eleetrolytes, and their eoneen- 
trations in body fluids must be maintained within nor- 
mal limits. Reeall that water is the solvent of body fluids 
in which the ehemieal reaetions of life occur. Reeall that 
eleetrolytes are substances that form ions when dissolved 
in water, and they are so named beeanse they ean eondnet 
an eleetrie enrrent when dissolved in water. For example, 
sodium ehloride is an eleetrolyte that forms sodium and 
ehloride ions when dissolved in water. 

The eoneentrations of water and eleetrolytes in 
body fluids are interrelated beeanse the eoneentration of 
one affeets the eoneentration of the other. For example, 
the eoneentration of eleetrolytes establishes the osmotie 
pressnre that enables water to be reabsorbed by osmosis. 

Water Balanee 

The intake of water is largely regnlated by the thirst eenter 
loeated in the hypothalamns of the brain. The thirst eenter 
is aetivated when it deteets an inerease in solute eoneen- 
tration in the blood. It is also aetivated by angiotensin 11 
when blood pressnre deelines signifieantly. An awareness 
of thirst stimnlates water intake to replaee water lost 
from body fluids. Water intake must balanee water loss, 
and this averages about 2,500 ml per day. 

The body loses water in several ways, but about 60% 
of the total water loss occurs in urine. In addition, water is 
lost in the hnmidified air exhaled from the lungs, in feees, 
and in perspiration (figure 16.11). However, it is the kid- 
neys that regnlate the eoneentration of water in the blood 
plasma by eontrolling the volume of water lost in urine. 



Substances that inerease the production of urine 
are known as dìuretìcs. Physieians often preseribe 
a diuretic to reduce the volume of body fluids in 
patients with edema or hypertension. 

V___ J 


The volume of water lost in urine varies with both 
the volume of water lost by other means and the volume 
of water intake. These faetors affeet the aetion of the kid- 
neys simultaneously, but we eonsider them separately to 
better nnderstand how they inflnenee kidney fnnetion. 

In general, the more water that is lost throngh other 
means, the less water that is lost in urine. For example, if 
excessive water loss occurs through perspiration or diar- 
rhea, more water is reabsorbed from the renal tubule and 
eolleeting duct. The result is a smaller volume of more 
eoneentrated urine. Gonversely, if water loss throngh 
other means is minimal, water reabsorption is redneed, 
and a larger volume of more dilute urine is prodneed. 

Similarly, the greater the intake of water, the less 
water is reabsorbed and a larger volume of more dilute 
urine is prodneed. Gonversely, a lower water intake means 
more water is reabsorbed and a smaller volume of more 
eoneentrated urine is prodneed. 

You ean see that regnlating water balanee is a dynamie 
proeess and that water balanee is largely eontrolled by the 
amount of water reabsorbed from renal tubules and eol- 
leeting ducts into the blood plasma. Whether more or less 
water is reabsorbed is dependent upon ADH seereted by 


Average daily output of water 


Water lost 

— in sweat (150 mL or 6%) 


Total output 
(2,500 mL) 



Water lost in 
feees (150 mL or 6%) 

Water lost 
through skin 
and lungs 
(700 mL or 28%) 


Water lost 
in urine 

(1,500 mL or 60%) 


Figure 16.11 Pathways of water loss. Urine formation is 
the most important proeess that regulates water loss. 
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the posterior lobe of the pimitary gland. ADH promotes 
water reabsorption by inereasing the permeability of the 
DCT and eolleeting dnets to water. 

When the water eoneentration of blood is excessive, 
ANP is seereted and ADH seeretion deelines. The eom- 
bined effeet is that less water is reabsorbed and a greater 
volnme of nrine (and water) is excreted. The resnlt is a 
deerease in water eoneentration in the blood. Gonversely, 
when the water eoneentration of blood deereases, ANP 
is not seereted, ADH seeretion is inereased, more water 
is reabsorbed, and a smaller volnme of nrine is prodneed. 
ADH minimizes water loss in nrine, but it eannot prevent 
it. Thus, water must be replenished daily by fluid intake. 

Eleetrolyte Balanee 

Important eleetrolytes in body fluids include ions of 
sodium, potassium, calcium, ehloride, phosphate, sulfate, 
and biearbonate. Eleetrolytes are obtained from the intake 
of food and fluids. A eraving for salt resnlts when eleetro- 
lytes are in low eoneentration in body fluids. 

Eleetrolyte balanee is regnlated largely by aetive 
reabsorption of positively eharged ions, which, in turn, 
seeondarily eontrols the passive reabsorption of nega- 
tively eharged ions by eleetroehemieal attraetion. Sodium 
ions are the most important ions to be regnlated beeanse 
they eompose about 90% of the positively eharged ions 
in extracellular fluids. Gertain hormones play important 
roles in maintaining eleetrolyte balanee. 
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If water loss signifieantly exceeds water intake for 
several days, extracellular fluids may beeome more 
eoneentrated, causing water to move out of the 
eells by osmosis. This eondition, known as cellu- 
lar dehydratìon, may lead to serious eomplieations 
unless the water loss is quickly restored. In serious 
eases, dehydration may result in fever, mental eon- 
fusion, or eoma. 


Aldosterone is a hormone that regnlates the balanee 
of sodium and potassinm ions in the blood plasma by 
stimnlating the aetive reabsorption of sodium ions and 
the aetive seeretion of potassinm ions by the DCT. Thus, 
aldosterone causes an exchange of sodium and potassinm 
ions between the tubular fluid and the blood plasma until 
the blood eoneentrations of these two ions retnrns to nor- 
mal. The adrenal cortex is stimnlated to seerete aldoste- 
rone by (1) an inerease of in the blood, (2) a deerease 
of Na"^ in the blood, and (3) angiotensin II. As long as 
blood eoneentrations of sodium and potassinm ions are 
normal, aldosterone is not seereted. In eontrast to aldo- 
sterone, ANP promotes the excretion of sodium ions and 
water by inhibiting sodium reabsorption, and thus osmo- 
sis, in the DCT and eolleeting duct when excess blood 
volume is deteeted by the atria of the heart. 

The blood eoneentration of Ca^“^ is regnlated mainly 
by the aetions of PTH and aetive vitamin D. When the 
blood Ca^“^ eoneentration deelines, the parathyroid glands 
are stimnlated to seerete PTH. PTH promotes an inerease in 
blood Ca^“^ by stimnlating three different proeesses: (1) the 
reabsorption of Ca^“^ ions from the DCT, (2) the movement 
of Ca^“^ from bones into the blood, and (3) the aetivation of 
vitamin D. Aetive vitamin D has the same aetions as PTH; 
in addition, it inereases the absorption of Ca^“^ in foods 
by the small intestine. When the blood Ca^“^ level remrns 
to normal, PTH seeretion is deereased. The laek of PTH is 
usually sufficient to deerease blood Ca^“^ levels. Table 16.3 
snmmarizes the effeet of hormones that aet on the kidneys. 

During times of rapid bone remodeling, such as 
ehildhood or pregnaney, ealeitonin is seereted by the thy- 
roid gland. Calcitonin plays an antagonistie role to PTH 
by promoting the deposition of ealeinm in bones, which 
rednees the level of blood ealeinm. 

Aeid-Base Balanee 

The arterial blood pH must be maintained within rather 
narrow limits-pH 7.35 to pH 7.45-for body eells to func- 
tion properly. Arterial blood pH below 7.35 is ealled 
aeìdosìs, and arterial blood pH above 7.45 is ealled 


Table 16.3 Hormones Aeting on the Kidneys 


Hormone 

Source 

Aetion 

Aldosterone 

Adrenal cortex 

Stimulates reabsorption of Na"^ from the tubular fluid into the blood plasma; 
stimulates the seeretion of from blood plasma into the tubular fluid 

Antidiuretic hormone 

Posterior lobe 
of pituitary 

Stimulates the reabsorption of water from the tubular fluid into the blood 
plasma by making the DCT and eolleeting ducts more permeable to water; 
deereases the volume of urine produced 

Atrial natriuretic peptide 

Heart 

Inhibits reabsorption ofNa'^from DCT and eolleeting ducts 

Parathyroid hormone 

Parathyroid glands 

Stimulates the reabsorption of Ca^“^ from the tubular fluid into the blood 

and aetive vitamin D 

Liver and kidneys 

plasma 
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alkalosìs. Cellular metabolism produces products that 
tend to upset the aeid-base balanee. These prodnets, such 
as laetie aeid, phosphorie aeid, and earbonie aeid, tend to 
make the blood more aeidie, as shown in figure 16.12. 

Aeids are substances that release hydrogen ions 
(H^) when they are in water, which deereases the pH and 
inereases the aeidity of the liquid. Strong aeids release 
more H^ than weak aeids. Bases are snbstanees that, when 
plaeed in water, release ions that ean eombine with hydro- 
gen ions, such as OH~ or HGO^". Body fluids eontain both 
aeids and bases, and the balanee between them determines 
pH. The balanee of aeids and bases in the body is regnlated 


by three proeesses: (1) baffers, which aet direetly in the 
body fluids; (2) the respiratory meehanìsm, which eon- 
trols earbonie aeid levels; and (3) the renal meehanism, 
which regnlates H"^ and HGO^” levels. 

Buffers 

The blood and other body fluids eontain ehemieals known 
as bnffers (see ehapter 2) that prevent signifieant ehanges 
in pH. Bnffers are able to eombine with or release H^ ions 
as needed to stabilize the pH. If the H^ eoneentration 
is excessive, bnffers eombine with some H^ to reduce 
their eoneentration. Gonversely, if too few H^ are present. 
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The kidneys have a tremendous functional reserve. 
Renal insufficiency beeomes evident only after 
about 75% of the renal functions have been lost. 
As the development of renal failure progresses, 
patients must rely on hemodìalysìs as a means of 
removing wastes and excessive substances from 
the blood. In hemodialysis, the patient’s blood is 
pumped through seleetively permeable tubes that 
are immersed in a dialyzing solution within a “kidney 
maehine.” Nitrogenous wastes and excessive elee- 
trolytes diffuse from the blood into the dialyzing 
solution, while eertain needed substances, such as 
buffers, diffuse from the dialyzing solution into the 
blood. In this way, the eoneentration of wastes and 
eleetrolytes in the patient’s blood are temporarily 


restored within normal limits. Hemodialysis may be 
required two to three times per week for patients with 
ehronie kidney failure. 

An alternative method is ealled contìnuous ambu- 
lotory perìtoneal dialysis (CAPD). In this technique, 1 to 
3 liters of dialyzing fluid are introduced into the perito- 
neal eavity through an opening made in the abdomina 
wall. VVaste products and excessive substances diffuse 
from blood vessels in the peritoneum into the dialyz- 
ing solution, which is drained after two to three hours. 
This technique is less eostly, may be done at home, and 
allows the patient to move about during the procedure. 
However, it must be done more frequently than dialysis 
using a kidney maehine, and there is a greater ehanee 
of serious infeetion. 
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Figure 16.12 Examples of metabolie proeesses that inerease the hydrogen ion eoneentration of body fluids. 
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buffers release some to inerease their eoneentration to 
within normal limits. In this way, buffers help to keep the 
blood pH relatively eonstant. 

The biearbonate bnffer system relies on a mix- 
mre of earbonie aeid and HGO^”. Garbonie aeid (H^GO^) 
forms by the hydration of earbon dioxide and then disso- 
eiates into HGO^” and H^. The biearbonate buffer system 
is particularly important in regnlating the aeid-base bal- 
anee of extracellular fluids, such as blood. Additionally, 
as you will soon see, the respiratory meehanism and the 
renal meehanism direetly inflnenee the biearbonate buf- 
fer system. 

C02 + H 2 O ^ H^eOa 4 -^ HeOa- + H+ 

The phosphate bnffer system relies on a mixture 
of HPO^- and H^PO^”. The phosphate bnffer system is 
most important in regnlating the aeid-base balanee of 
intraeellnlar fluid. The following reaetion ean proeeed to 
the right to release H+ and deerease pH, or it ean proeeed 
to the left to bind H+ and inerease pH. 

\-\2PO4~ ^ HPO^^- + H+ 

The most abnndant and powerful buffer system in 
the body is the protein bnffer system. Proteins are 
able to aet as bnffers beeanse amino aeids have aeidie 
(-COOH) side groups, which release H+ when pH is ele- 
vated and deerease the pH, and amino aeids also have 
amine (-NH^) side groups that bind H+ when pH is 
deereased and elevate the pH. Below are the reaetions of 
the protein bnffer system. 

-eOOH ^ -COO“ + H+ and -NH^ + H+ ^ -NH 3 

Respiratory Meehanism 

The respiratory system also plays a signifieant role in 
regnlating H+ eoneentration of body fluids. The respira- 
tory meehanism alters the biearbonate bnffer system by 
ehanging the levels of GO^ in the body. Reeall that the 
prodnetion of GO^ resnlts in the formation of earbonie 
aeid, which dissoeiates to release H+. When GO^ produc- 
tion inereases and blood pH deereases, the respiratory 
rhythmieity eenter in the mednlla oblongata stimnlates 
an inerease in the rate and depth of breathing to remove 
the excess GO^. Gonversely, when the H+ eoneentration 
of the blood is deereased, the rate and depth of breathing 
are deereased until the blood H+ eoneentration inereases 
to normal. 

Renal Meehanism 

The renal meehanism is able to eontrol the biearbon- 
ate bnffer system. By seleetively excreting excess H+ or 
HeO^- in urine, kidneys help to maintain the normal 
pH of body fluids. The kidneys also have the ability to 
prodnee HeO^” and H+ from earbon dioxide in times of 
shortage. 



eheek 



IJnderstanding 



8. How do ADH, aldosterone, PTH, and ANP regnlate 
water and eleetrolyte eoneentrations in blood? 

9. What are the three buffer systems? 

10. How does the kidney adjust blood pH? 

V___ J 


16.6 Disorders of the (Jrinary 
System 

Learning Objeetive 

13. Deseribe the eommon disorders of the urinary system. 

Inflammatory Disorders 

Gystitis (sis-ti'-tis) is the inflammation of the nrinary 
bladder. It is often caused by baeterial infeetion. Females 
are more prone to eystitis beeanse their shorter nrethra 
makes it easier for baeteria to reaeh the nrinary bladder. 

Glomemlonephritis (glò-mer-u-ló-ne-fri'-tis) is the 
inflammation of a kidney involving the glomernli. It may 
be caused by baeteria or baeterial toxins. The inflamed 
glomernli beeome more permeable, allowing formed ele- 
ments and proteins to leak into the glomernlar filtrate 
and remain in the urine. 

Pyelonephritis (pi-e-ló-ne-fri'-tis) is the inflamma- 
tion of the renal pelvis and nephrons. If only the renal 
pelvis is involved, the eondition is ealled pyelitis. These 
infeetions result from baeteria earried by blood from 
other plaees in the body or by migration of baeteria from 
distal portions of the nrinary traet. 

IJrethritis is the inflammation of the nrethra. It 
may be caused by several types of baeteria, but the bae- 
terium Eseheriehia eoli is the most eommon. LJrethritis is 
more eommon in females. 

Noninflammatory Disorders 

Dinresis, or polynria, is the excessive prodnetion of urine. 

It resnlts from inadequate tubular reabsorption of water and 

is eharaeteristie of diabetes insipidns and diabetes mellitns. 

Renal ealenli (kal'-ku-li), or kidney stones, result 
from erystallization of uric aeid or of calcium or magne- 
sium salts in the renal pelvis. They ean cause extreme 
pain, espeeially when moving throngh a ureter by peri- 
stalsis. Ultrasound waves ean be used to break up the 
stones, as an alternative to snrgery. 

Renal failnre is eharaeterized by a rednetion in urine 
prodnetion and a failnre to maintain the normal volume and 
eomposition of body fluids. It may occur suddenly (acute) or 
gradually (ehronie). Renal failnre leads to nremia, a toxic eon- 
dition caused by excessive nitrogenous wastes in the blood, 
and nltimately to anaria, a eessation of urine prodnetion. 
Hemodialysis and/or a kidney transplant may be neeessary. 
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ehaoter Sunnmar 


16.1 Functions of the Llrinary System 

• The fnnetions of the nrinary system are the maintenanee 
of blood plasma eomposition, the seeretion of renin and 
erythropoietin, and the excretion of nitrogenons wastes. 

• A major fnnetion of the kidneys is the removal of excess 
nitrogenons wastes—urea, uric aeid, and ereatinine-in 
order to keep their eoneentrations in the blood within 
normal limits. 

16.2 Anatomy of the Kidneys 

• The paired kidneys are loeated against the snperior 
posterior abdominal wall. 

• Internal strnemre of a kidney eonsists of two reeognizable 
fnnetional parts: a snperfieial renal cortex, and a deep 
renal mednlla eomposed of renal pyramids. 

• Nephrons are the fnnetional units of the kidneys. Eaeh 
nephron eonsists of a renal eorpnsele and a renal tubule. 
A renal eorpnsele is eomposed of a glomemlns and a 
glomemlar eapsnle. A renal tubule is eomposed of a 
proximal convoluted tubule, the nephron loop, and a 
distal eonvolnted tubule. 

• Eaeh nephron joins with a eolleeting duct that empties 
into a minor calyx of the renal pelvis. 

• The blood supply for eaeh kidney is provided by a renal 
artery and drainage is throngh the renal vein. 

• An afferent glomemlar arteriole brings blood to a 
glomemlns. Blood exits the glomemlns via an efferent 
glomemlar arteriole and flows throngh either the 
perimbnlar eapillaries, which surround the eortieal 
portion of the renal tubule or vasa reeta, which surround 
the mednllary portion of the nephron loop. 

• The juxtaglomerular complex eonsists of modified eells 
of the afferent and efferent glomemlar arterioles and the 
aseending limb of the nephron loop at their point of 
eontaet. 

16.3 Urine Formation 

• The proeess of urine formation regnlates the eomposition 
and volume of blood plasma by removing excess nitroge- 
nous wastes and surplus substances from the blood plasma. 

• Urine is formed by four sequential proeesses: glomemlar 
filtration, tubular reabsorption, tubular seeretion, and 
water eonservation. 

• In glomemlar filtration, water and dissolved snbstanees 
(except plasma proteins and formed elements) in blood 
plasma are filtered from the glomemlns into the glo- 
memlar eapsnle. Glomemlar filtration resnlts from the 
inereased permeability of glomemlar eapillaries and the 
elevated blood pressnre within the glomemlns. 

• About 180 liters of glomerular filtrate are formed in a 
24-hour period. 

• Glomerular filtration rate is proportional to the glomem- 
lar blood pressnre. Glomemlar blood pressnre is main- 
tained by meehanisms that eontrol the diameters of the 
afferent and efferent glomemlar arterioles. 

• Glomemlar blood pressnre generally varies direetly with 
systemie blood pressnre. 


• Glomemlar filtration rate is regnlated by renal autoregu- 
lation, sympathetie eontrol, and the renin-angiotensin 
meehanism. 

• In tubular reabsorption, needed snbstanees are reabsorbed 
baek into the blood plasma of the perimbnlar eapillaries 
and vasa reeta by either aetive or passive transport. 

• Positively eharged ions are aetively reabsorbed. Negatively 
eharged ions are passively reabsorbed by eleetroehemieal 
attraetion to the positively eharged ions. Water is passively 
reabsorbed by osmosis. 

• Most tubular reabsorption occurs in the PGT, espeeially 
of nntrients such as amino aeids and glneose, but other 
portions of the renal tubule are also involved. 

• In tubular seeretion, eertain snbstanees are aetively or 
passively seereted into the tubular fluid from the blood 
plasma. Uric aeid and hydrogen ions are aetively seereted. 
Potassinm ions are seereted both aetively and passively. 
Most tubular seeretion occurs in the DGT. 

• The nephron loop seleetively reabsorbs water in the 
deseending limb and Na“^ and Cl“ in the aseending limb, 
ereating an osmotie gradient in the renal mednlla. 

• Urine is eoneentrated by water reabsorption from the 
eolleeting duct (water eonservation), so it is hypertonie 
to blood plasma. 

• The daily prodnetion of urine is 1.5 to 2.0 liters. Normal 
urine is a elear, pale yellow to amber fluid with a eharaeter- 
istie odor. The eolor is due to the presenee of nroehrome. 

• Urine is usually slightly aeidie but the pH may range 
from 4.8 to 7.5. 

• Urine is heavier than water due to the dissolved sub- 
stanees that it eontains. 

• Abnormal snbstanees that may be in urine are glneose, 
proteins, formed elements, hemoglobin, and bile pigments. 

16.4 Excretion of Urine 

• A ureter is a slender mbe that earries urine by peristalsis 
into the nrinary bladder. 

• Urine is temporarily held in the nrinary bladder. The 
nrinary bladder is loeated posterior to the pubic 
symphysis in the pelvie eavity. 

• The wall of the nrinary bladder eonsists of the mucosa, 
submucosa, muscular layer, and dense irregnlar 
eonneetive tissue. The parietal peritoneum eovers 
only its snperior snrfaee. The muscular layer eonsists 
of smooth muscle eells forming the detmsor. 

• A thiekening of the detmsor at the nrinary bladder- 
nrethra jnnetion forms the internal nrethral sphineter. 
The external nrethral sphineter in both genders is 
formed of skeletal muscle fibers in the floor of the pelvis. 

• Miemrition is the proeess of voiding urine from the 
nrinary bladder. Urine is expelled from the nrinary 
bladder throngh the nrethra. 

• When the nrinary bladder eontains 200 to 400 ml of urine, 
the miemrition reflex is triggered, eansing the detmsor to 
eontraet rhythmieally. Gontinned eontraetions open the 
involnntarily eontrolled internal nrethral sphineter. If the 
volnntarily eontrolled external nrethral sphineter is relaxed, 
miemrition occurs. If not, miemrition is postponed. 
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16.5 Maintenanee of Blood Plasma 

Gomposition 

• The prime fnnetion of the kidneys is to maintain the 
volnme and eomposition of the blood plasma in spite of 
variations in diet and metabolie proeesses. 

• Water intake must equal water loss. Most water is lost 
in urine, but other avenues include exhaled air, perspira- 
tion, and feees. 

• The volume of water lost in urine is deereased when 
water loss via other means is inereased, and viee versa. 

• Antidinretie hormone, which is released from the 
posterior lobe of the pimitary gland, inereases the 
permeability of DCT and eolleeting ducts to water and 
thereby promotes water reabsorption by osmosis. 
Eleetrolyte intake must replaee eleetrolyte loss. Eleetro- 
lytes are eonserved largely by the aetive reabsorption 
of positively eharged ions that passively pull along 
negatively eharged ions by eleetroehemieal attraetion. 

• Aldosterone regnlates the blood eoneentration of sodium 
and potassinm ions by stimnlating the aetive reabsorption 
of sodium ions from and the aetive seeretion of potassinm 
ions into the DCT. 


• Atrial natrinretie peptide promotes the excretion of 
sodium ions from the DCT and eolleeting duct. 

• The eoneentration of ealeinm ions in the blood is regu- 
lated by the aetions of two hormones aeting in the DCT. 

• Parathyroid hormone stimnlates the reabsorption of 
ealeinm from bones into the blood and the reabsorption 
of ealeinm ions by the kidneys. Aetive vitamin D assists 
PTH and also inereases the absorption of ealeinm by 
the small intestine. In eontrast, ealeitonin promotes the 
deposition of ealeinm in bones. 

• The maintenanee of the blood pH between 7.35 and 7.45 
inelndes three major meehanisms: bnffers in the blood 
either eombine with or release hydrogen ions as needed; 
earbon dioxide is removed by the lungs; and renal 
tubules regulate the rate of hydrogen and biearbonate 
ions seereted into the tubular fluid. 

• Arterial blood pH less than 7.35 is ealled aeidosis. Arterial 
blood pH greater than 7.45 is ealled alkalosis. 

16.6 Disorders of the Drinary System 

• Inflammatory disorders inelnde eystitis, glomernlonephritis, 
pyelonephritis, and nrethritis. 

• Noninflammatory disorders inelnde dinresis, renal ealenli, 
and renal failnre. 


Self-Revi ew 


Answers are loeated in appendix B. 

1. Renal eorpnseles, proximal eonvolnted tubules, and distal 

eonvolnted tubules are loeated in the_of a kidney. 

2. Renal pyramids are loeated in the_of a kidney and 

are eomposed mostly of_, which eolleet urine from 

the nephrons. 

3. The fnnetional units of the kidneys are ealled_. 

4. The foree powering glomernlar filtration is_blood 

pressnre, which in mrn is primarily determined by the 
_blood pressnre. 

5. In glomemlar filtration, water and dissolved snbstanees 

are foreed from blood plasma in the glomemlns into 
the_, where the fluid is ealled_. 

6. In tubular reabsorption in the PCT, eertain snbstanees 

pass from the_in the renal tubules into blood 

plasma in the_. 


7. Glneose, amino aeids, and positively eharged ions are_ 

reabsorbed, while water is_reabsorbed by_. 

8. Fluid in the eolleeting duct is ealled_. 

9. A severe drop in blood pressnre causes the juxtaglo- 

merular complex to seerete_, which triggers a 

meehanism to raise blood pressnre by ehemieal means. 

10. _hormone promotes the reabsorption of water by 

making the DCT and_more permeable to water. 

11. The hormone_promotes the reabsorption of 

sodium ions and seeretion of_ions. 

12. Water lost in urine eomposes about_ % of the total 

water loss from the body. 

13. The_earry urine to the nrinary bladder by_. 

14. Urine is voided from the nrinary bladder throngh the_ 

15. The_nrethral sphineter is involnntarily eontrolled, 

while the_sphineter is volnntarily eontrolled. 


3rìtìcal ThìnkìnR 


Prediet the consequences of a problem with the grannlar eells. 

How would perspiring heavily on a hot day affeet a person’s urine prodnetion? 
How does kidney failnre affeet RBC prodnetion? 

Why might kidney failnre lead to hyperventilation? 

Why does kidney failnre usually lead to cardiovascular disorders, and viee versa? 
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Out of all of the organ systems, the reproductive 
system is the only one that is not essential for the 
survival of an individual. Hovvever, it is not insignifieant 
in its ability to influence homeostasis. Oonsider Debbie 
and Patriek, fraternal tvvins born in Pennsylvania. 

From birth through ehildhood, their physieal attributes 
vvere quite similar aside from their external genitalia. 
The general shape to their torsos and limbs shovved 
no signifieant differenees, indieating similar skeletal 
and muscular development. The voiees of both 
ehildren exhibited the higher piteh eommon to young 
ehildren. Hovvever, at puberty, these similarities 
ended. Debbie’s pelvis vvidened and her mammary 
glands developed. Patriek's skeletal mass inereased 
greatly to mateh the enlargement of his musculature, 
resulting in a broadening of his shoulders and ehest. 
The similarities in their voiees ended as Patriek's 
larynx enlarged, resulting in a deerease in voeal 
piteh. These visible and audible ehanges matehed the 
internal ehanges designed to prepare the ehildren for 
reproduction as adults. All of these ehanges in form 
and function are the product of reproductive system 
aetivity. Though not essential for personal survival, 
this system elearly is needed for the survival of the 
human raee. 
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SELEGTED KEY TERMS 


Androgens Generie term for 
hormones related to testosterone. 
Estrogens The female sex 
hormones. 

Gamete A sex eell, either a sperm 
or an ovum. 

Gonads (gone = seed) The primary 
sex glands-the ovaries and testes. 
Meiosis (mei = less) A form of 
eell division in which the daughter 
eells eontain one-half the number 
of ehromosomes as the parent eell. 


Menopanse (men = month; paus = 
stop) The eessation of monthly 
female reprodnetive eyeles. 
Menstrnal eyele The repetitive 
monthly ehanges in the 
endometrinm. 

Oogenesis (oo = ovum, egg; 
genesis = origin) The proeess of 
ova formation. 

Ovarian eyele The repetitive 
monthly ehanges in the ovary. 


Ovnlation The release of a 
seeondary ooeyte from an ovary. 
Pnberty (puber = grown up) The 
age at which reproductive organs 
mamre. 

Semen (semin = seed) Fluid 
eomposed of sperm and seeretions 
of male aeeessory glands. 

Spermatogenesis The proeess 
of sperm formation in the testes. 


REPRODUCTION IS THE PROOESS by which life is sus- 

tained from one generation to the next. The human male 
and female reprodnetive systems are speeially adapted for 
their roles in reprodnetion. The gonads (gò'-nads)-the 
ovaries and testes-form the gametes (sex eells). Other 
reprodnetive organs nurture male and female sex eells or 
transport them to sites where they may unite. After fertil- 
ization occurs, an ovum develops within the female repro- 
dnetive system and enlminates in the birth of an infant. 
Sexual mamration and the development of sex eells in 
both sexes and pregnaney in females are regnlated by hor- 
mones seereted by the pimitary gland and the gonads. 

17.1 Male Reproductìve System 

Learning Objeetives 

1 . Deseribe the loeations and functions of the male 
reproductive organs. 

2 . Deseribe spermatogenesis. 

3. Deseribe the sources, eontents, ehemieal eharaeteris- 
ties, and functions of semen. 

The primary fnnetions of the male reprodnetive system 
are the prodnetion of male sex hormones, the formation 
of sperm, and the plaeement of sperm in the female 
reprodnetive traet, where one sperm ean unite with a 
female sex eell. The organs of the male reprodnetive sys- 
tem inelnde (1) paired testes, which prodnee sperm and 
male sex hormones; (2) aeeessory ducts that store and 
transport sperm; (3) aeeessory glands, whose seeretions 
form part of the semen; and (4) external genitalia, includ- 
ing the seromm and penis (figure 17.1). 

Testes 

The paired testes (tes'-tèz, singular, testis) are the male 
gonads, or sex glands. Eaeh testis is proteeted and 


snpported by a eapsnle of dense irregnlar eonnee- 
tive tissue. Septa (partitions) of eonneetive tissue radi- 
ate into the testis from its posterior snrfaee, dividing 
the testis into internal snbdivisions ealled lobales. Eaeh 
lobule eontains several highly eoiled seminiferous 
(se-mi-nif'-er-us) tubules. Seminiferous tubules are lined 
with spermatogenie epithelinm, which is formed of 
spermatogenie eells and snpporting eells. Spermatogenie 
eells divide to prodnee sperm, while sapporting eells sup- 
port and nonrish the spermatogenie eells and help regu- 
late sperm formation. The eells that fill the spaees between 
the seminiferons tubules are known as interstitial 
(in-ter-stish'-al) eells, and they prodnee male sex hor- 
mones (figure 17.2«, b). 

Spermatogenesis 

Spermatogenesis (sper-mah-tò-jen'-e-sis) is the proeess 
that prodnees sperm by the division of the spermatogenie 
eells in the spermatogenie epithelinm. Spermatogenesis 
begins at pnberty (pu'-ber-tè), the age at which repro- 
ductive organs mamre, and eontinnes throughout the life 
of a male. Sexual maturity and sperm prodnetion are eon- 
trolled by folliele-stimnlating hormone (FSH) and lutein- 
izing hormone (LH) from the anterior lobe of the pimitary 
and by testosterone from interstitial eells of the testes. LH 
is often ealled interstitial cell-stimulating hormone (1CSH) 
in males. Hormonal relationships are disenssed later in 
this ehapter. 

The large, snperfieial eells near the basement mem- 
brane of a seminiferons tubule are known as spermatogonia 
(sper-mah-to-gò'-nè-ah, singnlar, spermatogoniam). Eaeh sper- 
matogoninm eontains 46 ehromosomes (23 pairs), the nor- 
mal number of ehromosomes for human body eells. Eaeh 
spermatogoninm divides by mitosis to prodnee two sper- 
matogonia, referred to as type A and type B spermatogonia, 
eaeh with 46 ehromosomes. The type A spermatogonium 
remains next to the basement membrane of the tubule. It 
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Figure 17.1 Male Reproductive System in a Median Seetion. 


will serve as the ''stem'' spermatogonium and will divide 
repeatedly by mitosis. The type B spermatogonium that is 
pushed toward the lumen of the tubule undergoes ehanges 
to beeome a primary spermatoeyte (figure 17.2c). 

Primary spermatoeytes divide by meiosis (mi-ó'-sis), 
a speeial type of eell division. Meiosis requires two succes- 
sive divisions and rednees the number of ehromosomes in 
the danghter eells by one-half 

Meiotie divisions in spermatogenesis are snmmarized 
in fignres 17.2c and 17.3. Eaeh primary spermatoeyte, eon- 
taining 46 ehromosomes, divides in meiosis 1 to form two 
seeondary spermatoeytes, eaeh eontaining 23 ehromo- 
somes. Prior to meiosis 1, the ehromosomes replieate. Eaeh 
replieated ehromosome is eomposed of two ehromatids 
joined together at a region ealled a eentromere. During 
metaphase of meiosis 1, the replieated ehromosomes are 
arranged as homologons pairs. During eytokinesis, the 
members of eaeh ehromosome pair are separated into dif- 
ferent danghter eells. Thus, eaeh seeondary spermatoeyte 
eontains 23 replieated ehromosomes (figure 17.3). 

The genetie diversity of the sperm is ereated by the 
following two meehanisms. First, random alignment of the 
paired homologons ehromosomes on the eellnlar equator 
occurs during meiosis 1, so that the danghter eells eon- 
tain different eombinations of maternal and paternal ehro- 
mosomes. Seeond, erossover, the exchange of some DNA 
between the paired homologons ehromosomes, occurs 
during meiosis 1, so that some ehromosomes eontain genes 
from both parents. 


In meiosis 11, the ehromatids separate into different 
danghter eells so eaeh seeondary spermatoeyte divides to 
form two spermatids, eaeh eontaining 23 ehromosomes. 
Eaeh spermatid attaehes to a snpporting eell, gradnally 
loses much of its eytoplasm, and develops a flagellnm to 
form a sperm eontaining 23 ehromosomes. 

Examine figure 17.2c and note how eells in stages of 
spermatogenesis are arranged in sequence from snperfieial 
to deep, with sperm loeated in the lumen of the tubule. 
Onee the sperm are eompletely formed, they are earried 
into the epididymis, where they are temporarily stored 
while they mamre. 

A mamre sperm eonsists of a head, neek, and flagel- 
lum. The flattened head is eomposed of a eompaet nucleus 
eontaining 23 ehromosomes. The anterior portion of the 
head is eovered by a eaplike stmemre, the aerosome. The 
aerosome eontains enzymes that help the sperm pene- 
trate a female sex eell. The neek eonneets the head to the 
flagellnm. The flagellam has a middle pieee, a prineipal 
pieee, and an end pieee. The middle pieee eontains mito- 
ehondria, where ATP is formed to power the movements 
of the flagellnm, which enables movement (figure 17.4). 

Aeeessory Ducts 

Sperm pass through a series of aeeessory ducts as they 
are earried from the testes to the external environment. 
These aeeessory ducts include the epididymis, vas defer- 
ens, ejaenlatory duct, and nrethra. These stmemres are 
eolleetively referred to as the male reprodaetive traet. 
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Figure 17.2 (a) Testis in sagittal seetion; (b) a photomierograph of seminiferous tubules in eross seetion (200x); 
(e) a diagram shovving the sequence of stages in spermatogenesis. Note that eells in developmental stages are 
embedded in supporting eells until sperm are released into the lumen of a seminiferous tubule. 
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Figure 17.3 Spermatogenesis requires two successive meiotie divisions plus the development of spermatids into 
sperm. [APIR] 
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Figure 17.4 (a) Parts of a mature sperm. (b) Seanning eleetron photomierograph of human sperm (1,400x). 
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Epididymis 

The seminiferous mbules of a testis lead to a num- 
ber of small ducts that open into the epididymis. The 
epididymis (ep-i-did'-i-mis, plural, epididymides) appears 
as a eomma-shaped organ that lies along the superior and 
posterior margins of a testis (figure 17.5; see figure 17.1). 
Upon elose examination, the epididymis is shown to be a 
long (6 m), tightly eoiled, slender mbe that is continuous 
with the vas deferens (see figure 17.2«). 

Sperm mamre as they are slowly moved (10-14 days) 
through the epididymis by weak peristaltie eontraetions. 
The mamre sperm are stored in the epididymis until 
they are ejaculated. The sperm stored for more than two 
months are destroyed and absorbed by the epididymis. 

Vas Deferens 

As shown in figures 17.1 and 17.5, a vas deferens 
(vas def'-er-enz, plural, vasa deferemia) extends from the 
epididymis superiorly in the scrotum, passes through the 
inguinal eanal, and enters the pelvie eavity. It runs along 
the lateral surface of the urinary bladder and merges with 
the duct from a seminal vesiele inferior to the urinary 
bladder. The duct formed by this merger is an ejacula- 
tory duct. The vasa deferentia have rather thiek, muscular 
walls that move the sperm by peristalsis. 

Ejaculatory Duct 

Eaeh short ejaenlatory duct is formed by the merger of 
a vas deferens and a duct from a seminal vesiele. The ejae- 
ulatory ducts enter the prostate gland and merge with the 
urethra within the prostate (figure 17.5; see figure 17.1). 
During ejaculation, muscular eontraetions of the ejacula- 
tory ducts mix seminal vesiele seeretions with sperm and 
propel them into the urethra. 

Llrethra 

The urethra is a thin-walled tube that extends from the 
urinary bladder through the penis to the external envi- 
ronment (figure 17.5; see figure 17.1). The urethra serves a 
dual role in the male. It transports urine from the urinary 
bladder during miemrition, as noted in ehapter 16, and it 
also earries semen, which includes sperm, during ejacula- 
tion. Gontrol meehanisms prevent urine and semen pass- 
ing at the same time. 


seminal vesiele merges with the vas deferens on the same 
side to form an ejaculatory duct near the posterior sur- 
faee on the prostate gland. The alkaline seeretions of the 
seminal vesieles help to keep semen alkaline and eontain 
fructose and prostaglandins. Seeretions by the seminal 
vesieles eompose about 60% of semen. 

Prostate Gland 

The prostate gland is a pear-shaped gland that eneireles 
the urethra where it exits the urinary bladder. The ejae- 
ulatory ducts pass through the posterior portion of the 
prostate to join with the urethra within the prostate. Pros- 
tatie fluid is foreed through 20 to 30 tiny ducts into the 
urethra during ejaculation. The seeretion is an alkaline, 
milky fluid eontaining substances that aetivate the swim- 
ming movements of sperm. It forms about 30% of semen. 

Bulbo-urethral Glands 

The bulbo-urethral (bul-bó-u-ré'-thral) glands are two 
small, spherieal glands that are loeated inferior to the prostate 
gland near the base of the penis (figure 17.5; see figure 17.1). 
These glands seerete an alkaline, mucuslike fluid into the 
urethra in response to sexual stimulation. This seeretion 
neutralizes the aeidity of the urethra and lubricates the end 
of the penis in preparation for sexual intercourse. 

Semen 

The semen (sé'-men) is the fluid passed from the urethra 
during ejaculation. It eonsists of the fluids seereted by the 
bulbo-urethral glands, seminal vesieles, and prostate gland 
along with sperm and fluid from the testes. The alkalinity 
(pH 7.5) of semen proteets the sperm by neutralizing the 
aeidity of the male's urethra and the female's vagina. Fruc- 
tose from seminal vesieles provides the nutrient energy 
for sperm, and prostatie fluid aetivates their swimming 
movements. After semen is deposited in the vagina dur- 
ing sexual intercourse, prostaglandins in seminal vesiele 
seeretions stimulate reverse peristalsis of the uterus and 
uterine mbes, which aeeelerates the movement of sperm 
through the female reproductive traet. The volume of 
semen in a single ejaculation may vary from 2 to 5 ml, 
with 50 to 150 million sperm per milliliter. Although 
only one sperm partieipates in fertilization, many sperm 
are neeessary for fertilization to occur. 


Aeeessery Glands 

Three different types of exocrine glands produce seere- 
tions involved in the reproductive proeess. These glands 
are the seminal vesieles, prostate gland, and bulbo-urethral 
glands (figure 17.5; see figure 17.1). 

Seminal Vesieles 

The semìnal vesieles are paired glands loeated on the 
posterior surface of the urinary bladder. The duct of eaeh 




niea 


nsiqh 


Male infertility may be caused by a number of fae- 
tors, such as hormone imbalanees, duct bloekage, 
a low sperm count, abnormal sperm, or a low fruc- 
tose eoneentration in the semen. The minimum 
sperm count for male fertility is eonsidered to be at 
least 20 million sperm per milliliter of semen. 
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Figure 17.5 Male Reproductive Organs. 

(o) Testes, aeeessory ducts, aeeessory glands, and a longitudinal seetion of penis; (b) A eross seetion of penis. 
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Male External Genilalia 

Male external genìtalìa are the visible parts of the male 
reproductive system, including the seromm and penis. 

Scrotum 

The serotnm (skró'-tum) is the external sae of skin and sub- 
cutaneous tissue that eontains the testes (see figure 17.1). 
It hangs from the trunk midline posterior to the penis. A 
medial partition keeps eaeh testis in a separate ehamber 
within the seromm. Testes develop within the pelvie eavity 
but deseend into the seromm throngh the ingninal eanals 
near the end of the seventh month of fetal development. 
This migration occurs under the stimnlation of testosterone. 
The deseent of the testes into the seromm keeps their tem- 
peramre 2-3 °F below average body temperamre. This lower 
temperamre is neeessary for the prodnetion of viable sperm. 

The subcutaneous tissue of the seromm eontains a 
layer of smooth muscle ealled the danos. Its eells reflex- 
ively eontraet or relax to shorten or lengthen the sero- 
mm in response to temperamre ehanges (figure 17.5). In 
addition, there are two thin, ribbon-like skeletal mnseles, 
named eremaster, that are attaehed to the testes and 
respond similarly. Throngh the aetions of these mnseles, 
the testes are elevated eloser to the body in eold tempera- 
mres and depressed in warm temperamres. 

Penis 

The penis is the male eopnlatory organ that deposits 
semen in the female vagina during sexual intercourse. 
It eontains speeialized ereetile tissnes that enable it to 
beeome enlarged and rigid during sexual excitement. 

Three eolnmns of ereetile tissue eompose the body 
of the penis. The eorpora eavernosa are two eolnmns 
loeated on the snperior side of an ereet penis. The single 
corpus spongiosum, through which the urethra extends, is 
loeated on the inferior side of an ereet penis (figure 17.5; 
see figure 17.1). The corpus spongiosum expands at the tip 



Failure of the testes to deseend into the sero- 
tum, ealled eryptorehidism, produces sterility and 
inereases the ehanee of testicular eaneer. Unde- 
seended testes may be stimulated to deseend by 
testosterone administration, or surgical means may 
be used to move the testes into the scrotum. Both 
treatments are done in early ehildhood. 

V___ J 



For many Ameriean male babies, circumcision, the 
surgical removal of the prepuce, is performed in 
the delivery room or within three days after birth. In 
Jewish culture, it may be performed on the eighth 
day as a religious rite. It is believed that circumci- 
sion improves male hygiene and deereases the 
risk of penile infeetions. It may also reduce the risk 
of eervieal eaneer in female sexual partners. 

V___ J 


to form the glans penis, which eontains numerous sensory 
reeeptors and the external nrethral orifiee. A loose sheath 
of skin, the prepnee, extends distally to eover the glans. 

Table 17.1 snmmarizes the hmetions of male repro- 
dnetive organs. 



eheek 



Understandinq 


1. How are sperm formed? 

2. What is the path of sperm from a testis to out 
side the body? 

3. What eomposes semen? 

4. What is the fnnetion of the seromm? 

V___ 




Table 17.1 


Summary of Functions of Male Reproductive Organs 



Organ 


Function 


Testis 
Epididymis 
Vas deferens 
Ejaculatory duct 
Urethra 

Bulbo-urethral gland 
Seminal vesiele 

Prostate gland 

Scrotum 

Penis 


Seminiferous tubules produce sperm and seerete inhibin; interstitial eells seerete testosterone 
Site of sperm maturation and temporary storage; earries sperm to vas deferens 
Garries sperm to eJaculatory duct 

Garries sperm and seeretions from the seminal vesiele to the urethra 
Garries semen to the external environment 

Seeretes watery fluid that neutralizes aeidity of the urethra and lubricates the glans penis 

Seeretes alkaline fluid eontaining nutrients for sperm and prostaglandins for stimulating reverse 
peristalsis of the uterus and uterine tubes; helps keep semen slightly alkaline 

Seeretes alkaline fluid that helps keep semen slightly alkaline and aetivates motility of sperm 

Gontains and proteets testes; regulates temperature of testes 

Inserted into vagina during sexual intercourse; deposits semen in vagina; eontains sensory 
reeeptors assoeiated with feelings of sexual pleasure 
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17.2 Male Sexual Response 

Learning Objeetive 

4. Deseribe the male sexual response. 

In the absenee of sexual stimulation, the vasenlar sinnsoids 
in the ereetile tissue of the penis eontain a small amount 
of blood and the penis is flaeeid (flak'-sid), or soft. Sex- 
ual stimulation initiates parasympathetie nerve impnlses 
that cause the dilation of the arterioles and eonstrietion 
of the vennles snpplying the ereetile tissue. These vascu- 
lar ehanges cause the ereetile tissue to beeome engorged 
with blood, which prodnees ereetion, a eondition in 
which the penis swells, lengthens, and beeomes ereet. 
The parasympathetie nerve impnlses also stimnlate the 
seeretion from the bulbo-urethral glands. 

Continued sexual stimulation of the glans, as in 
sexual intercourse, culminates in orgasm, which is 
eharaeterized by ejaenlatìon (é-jak-u-là'-shun) of semen 
and a feeling of intense pleasnre. Just prior to ejacula- 
tion, sympathetie nerve impnlses stimnlate peristaltie 
eontraetions of the epididymides, vasa deferentia, and 
ejaenlatory ducts along with eontraetions of the semi- 
nal vesieles and prostate gland. These eontraetions foree 
semen into the nrethra. Then, ejaenlation occurs as eer- 
tain skeletal mnseles eontraet rhythmieally from the 
proximal penis distally, foreing semen throngh the ure- 
thra to the external environment. A feeling of general 
relaxation follows. 

Immediately after ejaenlation, the vasenlar ehanges 
that prodneed ereetion are reversed. Sympathetie nerve 
impnlses cause the eonstrietion of the arterioles and dila- 
tion of the vennles snpplying the ereetile tissue, allow- 
ing the accumulated blood to leave the penis. The penis 
beeomes flaeeid as blood is earried away. After orgasm, 
ereetion is not possible for a time period that varies from 
less than an hour to several hours. 




5. What division of the antonomie nervons system 
stimnlates peristalsis in the male reprodnetive 
traet? 


J 


The onset of male sexual development begins around the 
ages of 11 or 12 and is eompleted by ages 15 to 17. The 
meehanisms initiating the onset of pnberty are not well 
nnderstood, but the sequence of events is known. Hor- 
mones of the hypothalamns, anterior lobe of the pimitary 
gland, and testes are involved. Melatonin from the pineal 
gland may also be involved. 

Pnberty begins when unknown stimnli trigger 
the hypothalamns to seerete gonadotropin-releasing 
hormone (GnRH), which is earried to the anterior 
lobe of the pimitary gland by the blood. GnRH aeti- 
vates the release of Inteinizing hormone (LH) and 
folliele-stimnlating hormone (FSH) from the anterior 
lobe of the pimitary gland. LH promotes growth of the 
interstitial eells of the testes and stimnlates their seere- 
tion of testosterone (tes-tos'-te-ròn), the primary male 
sex hormone. FSH and testosterone in eombination aet 
on the seminiferons tubules, stimulating spermatogenesis 
(figure 17.6). 

Aetion of Testosterone 

Male sex hormones are eolleetively ealled androgens 
(an'-dro-jens), and testosterone is the most important one. 
They are prodneed primarily by the testes. Testosterone 
seeretion starts in fetal development, eontinnes for a brief 
time after birth, and then nearly eeases until pnberty. 

At pnberty, testosterone stimnlates the mamration 
of the male reprodnetive organs, the eontinnation of sper- 
matogenesis, and the development of the male seeond- 
ary sex eharaeteristies. Seeondary sex eharaeteristies 
are the physieal feamres that distingnish sexes from 
eaeh other. Male seeondary sex eharaeteristies inelnde 
(1) growth of body hair, espeeially on the faee, axillary, 
and pubic regions; (2) inereased muscular development; 
(3) development of heavy bones, broad shonlders, and 
narrow pelvis; and (4) deepening of the voiee due to 
enlargement of the larynx and thiekening of the voeal 
folds. Less obvions effeets are inereases in the rate of eel- 
lular metabolism and RBC prodnetion. Both metabolie 
rate and the eoneentration of RBCs in the blood are 
greater in males than in females. Testosterone produc- 
tion starts to deeline at about 40 years of age, resulting in 
a gradnal deeline in the fnnetions of reprodnetive organs 
and seeondary sex eharaeteristies. 


17.3 Hormonal Gontrol 
of Reprodoetion in Males 

Learning Objeetives 

5. Deseribe the aetions of testosterone. 

6 . Deseribe the hormonal eontrol of testosterone 
seeretion. 

7. Deseribe the hormonal eontrol of spermatogenesis. 


Regulatien of Male Sex Hermone 
Seeretion 

Like many other hormones, testosterone prodnetion is 
eontrolled by a negative-feedbaek meehanism, as shown 
in figure 17.6. Note that the seeretion of GnRH starts 
the feedbaek meehanism. After pnberty, this meehanism 
maintains the testosterone level in the blood within nor- 
mal limits. 
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(T)GnRH from hypothalamus 
aetivates the release of LH 
and FSH by the anterior 
lobe of the pituitary gland. 


( 2 ) LH stimulates the release 
of testosterone by interstitial 
eells of the testes. 


FSH aets on the supporting 
eells of the seminiferous 



tubules to stimulate 
spermatogenesis. 


(4)Testosterone stimulates the 
development of reproductive 
organs and seeondary sex 
eharaeteristies, aets on 
supporting eells to promote 
spermatogenesis. 


(^ inerease in blood testosterone 
eoneentration inhibits the 
seeretion of GnRH by the 
hypothalamus, which reduces 
the release of LH and FSH 
by the anterior lobe of the 
pituitary gland. 


(^VVhen the sperm count is high, 
inhibin is reieased from the 
supporting eells of the 
seminiferous tubules to 
reduce the seeretion of 
FSH by the anterior lobe 
of the pituitary gland. 



Development of 
reproductive 
organs and 
seeondary sex 
eharaeteristies 


Figure 17.6 Hormonal Gontrol of Spermatogenesis and Testosterone Seeretion. 


As testosterone eoneentration inereases in the blood, 
it inhibits the prodnetion of GnRH by the hypothalamns, 
which, in turn, reduces the release of LH and FSH from 
the anterior lobe of the pimitary gland. The deerease in 
LH prodnetion causes a deerease in testosterone seeretion 
by the interstitial eells of the testes, which rednees testos- 
terone eoneentration in the blood. The rednetion in FSH 
deereases sperm prodnetion. 

Gonversely, as testosterone eoneentration in the 
blood deelines, the hypothalamns is stimnlated to seerete 
GnRH, which, in mrn, promotes the release of LH and 
FSH by the anterior lobe of the pimitary. The inerease in 
LH prodnetion causes an inerease in testosterone seere- 
tion by the testes, which inereases the testosterone eon- 
eentration in the blood. The inerease in FSH inereases 
sperm prodnetion. 

Testosterone maintains the male reprodnetive 
organs and spermatogenesis. However, sperm prodnetion 


is fine-tuned by the hormone inhibin, which is seereted 
by snpporting eells within the seminiferons tubules. 
When the sperm count is high, seeretion of inhibin is 
inereased, which deereases sperm prodnetion by deereas- 
ing FSH seeretion by the anterior lobe of the pitnitary. 
When the sperm count is low, inhibin seeretion deereases, 
and sperm prodnetion is inereased by an inerease in FSH 
seeretion. Thus, inhibin works to keep sperm eoneentra- 
tion in semen within normal limits without altering the 
seeretion of LH and testosterone. 



eheek 



Understandinq 


6. How is sperm prodnetion regnlated? 

7. What are the fnnetions of testosterone? 

8. How is testosterone seeretion regnlated? 


J 
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17.4 Female Reprodaetive 
System 

Learning Objeetives 

8 . Deseribe the loeation and functions of the organs of 
the female reproductive system. 

9. Deseribe oogenesis and the development of the eor- 
responding ovarian follieles. 

The female reproductive system produces female sex 
hormones and female sex eells and transports the sex eells 
to a site where they may unite with sperm. In addition, 
the female reprodnetive system provides a snitable envi- 
ronment for the development of the embryo and fems 
and is aetively involved in the birth proeess. The organs 
of the female reprodnetive system inelnde the paired 
ovaries, which prodnee female sex hormones and sex 
eells; paired nterine mbes, which transport the female sex 
eells; a uterus, where internal development of the embryo 
and fems occurs; a vagina, which serves as the female eop- 
nlatory organ and birth eanal; and the external genitalia 
(figure 17.7; figure 17.10). The uterine mbes, the uterus, 
and the vagina are eolleetively referred to as the female 
reprodaetive traet. 

Ovaries 

The ovaries are loeated in the snperior, lateral portions of 
the pelvie eavity, one on eaeh side of the uterus. They are 
about the same size and shape as large almonds, and they 
are snpported by several ligaments. The external snrfaee 
of an ovary is eovered by the ovarian mesotheliam 


(figure 17.8). Deep to the ovarian mesothelinm is a more 
dense region, which eontains ovarian follieles of varions 
sizes. Eaeh ovarian folliele is a spherieal stmemre eom- 
posed of an ooeyte enveloped by snpporting eells. An 
ooeyte is an immatnre ovum. The internal region of an 
ovary eonsists of areolar eonneetive tissue that supports 
nerves and blood vessels. 

Oogenesis 

Oogenesis (ó-ó-jen'-e-sis) is the proeess of prodneing ova 
(singnlar, ovnrrì). Oogenesis is similar to spermatogenesis 
with a few notable exceptions. The proeess of oogenesis 
and the development of the eorresponding ovarian fol- 
lieles are shown in fignres 17.8Ò and 17.9. Refer to these 
fignres as you smdy the following proeess of oogenesis. 
Oogenesis is elosely tied to the ovarian eyele, which is 
disenssed later in this ehapter. 

By the fifth month of fetal development of a human 
female, the ovaries eontain several million oogonìa 
(ó-ò-gò-né-ah), the stem eells of the ovaries. Gradnally, 
most of the oogonia mamre into primary ooeytes 
(ò-ò-sitz) surrounded by a single layer of squamous 
folliealar epithelial eells forming the primordial ovarian 
follieles. When a female is born, the infanTs ovaries laek 
oogonia and eontain about 2 million primary ooeytes 
within primordial ovarian follieles. Primary ooeytes eon- 
tain 46 ehromosomes, so they are eapable of meiotie eell 
division. Starting at pnberty, a few primordial ovarian fol- 
lieles are aetivated eaeh month. The development of the 
ooeyte and ovarian folliele takes nearly a year to eomplete. 
However, only one of the primary ooeytes will eomplete 
meiosis I eaeh month. 
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Figure 17.7 Female Reproductive System in a Median Seetion. &PIFÍ1 
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Figure 17.8 (a) Photomierograph of an ovary (30x); (b) Stages of ovarian follicular development in an ovary, release 
of a seeondary ooeyte at ovulation, and formation of a corpus luteum. &PIR] 















































386 ehapter 17 Reproductive Systems 


Primary ooeyte 



(46 ehromosomes, 
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Figure 17.9 Oogenesis. 

In meiosis I, the primary ooeyte divides to form a seeondary ooeyte and a polar body. If the seeondary ooeyte is 
penetrated by a sperm, it divides in meiosis II to form an ovum and a seeond polar body. Llnion of ovum nucleus and 
sperm nucleus forms a zygote. Polar bodies degenerate. 


As shown in Fignre 17.9, ehromosomes are repli- 
eated prior to meiosis I and line up as homologous pairs 
at metaphase. Eaeh ehromosome eonsists of two ehroma- 
tids joined by the eentromere. In meiosis I, the primary 
ooeyte divides to form two dissimilar eells, eaeh with 
only 23 ehromosomes. Only one member of eaeh ehromo- 
some pair is distribnted to eaeh danghter eell. The smaller 
eell, the first polar body, eontains almost no eytoplasm 
and performs no fnrther hmetion. It is formed as a eonve- 
nient way to get rid of 23 ehromosomes. The larger eell is 
the seeondary ooeyte, and it eontains nearly all of the 


eytoplasm that was present in the primary ooeyte. It is 
the seeondary ooeyte that is released from an ovary eaeh 
month during a female's reprodnetive life. Ovnlation is 
the proeess of an ovary releasing a seeondary ooeyte. As 
in spermatogenesis, the genetie diversity of the seeondary 
ooeytes resnlts from the random alignment of the paired 
homologons ehromosomes and the erossover between 
the paired homologons ehromosomes during meiosis I. 

Meiosis II is eompleted only if the seeondary ooeyte is 
penetrated by a sperm. Meiosis II forms another polar body 
and an ovum, which reeeives nearly all of the eytoplasm. 
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The ehromatids of eaeh ehromosome separate, and they are 
distribnted into different danghter eells. Therefore, both 
ovum and seeond polar body eontain 23 ehromosomes. 
The fusion of ovum nucleus and sperm nucleus forms a 
zygote, the first eell of a preembryo. The polar bodies sim- 
ply degenerate. 



infeetions of the female reproductive traet ean easily 
migrate through the uterine tubes into the pelvie eav- 
ity, vvhere the infeetions beeome far more serious. 


IJterine Tubes 

The paired uterine tubes reeeive and transport the see- 
ondary ooeyte, are the sites of fertilization, and transport 
the preembryo if fertilization occurs. Eaeh uterine 
tube extends laterally from the snperior lateral sur- 
faee of the uterus to an ovary. The lateral end of eaeh 
tube forms a funnel-shaped expansion, the infundibulum 
(in-fun-dib'-u-lum), that partially envelops an ovary but is 
not eonneeted to it. Eaeh infundibulum is subdivided into 
a number of fingerlike proeesses ealled fimbriae (fim'-bré-é) 
that may touch the ovary (figure 17.10). 

The internal lining of a nterine tube eonsists of sim- 
ple eiliated eolnmnar epithelinm and seeretory eells. The 
beating of the eilia ereates a enrrent that helps draw the 
ovnlated seeondary ooeyte into the infundibulum. Then, 
the beating eilia and the peristaltie eontraetions of the 
nterine tube move the ooeyte slowly toward the uterus. 

Uterus 

The uterus (u'-ter-us) is loeated in the pelvie eavity pos- 
terior to the nrinary bladder. As shown in figure 17.7, it 
is loeated superior to the vagina and is bent anteriorly 


over the nrinary bladder. The uterus is a hollow organ 
with thiek, muscular walls. Its primary hmetion is to pro- 
vide an appropriate internal environment for a developing 
embryo and fetus. 

The uterus has three major regions. The fundus, 
the snperior ronnded region, joins with the nterine 
mbes laterally. The body, the middle portion, is enlarged 
and ronnded. The cervix, the inferior tubular portion, is 
inserted into the snperior end of the vagina. 

The walls of the uterus are eomposed of three layers. 
The endometrium (en-dò-mè'-trè-um), the mucosal layer, is 
the internal layer of the uterus. The myometrmm is the thiek 
layer of smooth muscle that forms most of the wall thiek- 
ness. The perimetrium, the serous layer, is the external layer 
of the uterus (figure 17.10). 

Yagina 

The vagina (vah-ji'-nah) is the eollapsible tube that 
extends from the uterus to the external environment. It 
serves as the female eopnlatory organ and the birth eanal. 
The vagina is loeated posterior to the nrethra and anterior 
to the reemm (figure 17.10; see figure 17.7). 
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Figure 17.10 Posterior View of the Female Reproductive Organs. &pIR 
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Mons pubis 


Labiom 
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Vestibule 


Labium 

minus 
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The vaginal wall eonsists of three layers: an inter- 
nal mneosa of stratified squamous epithelium and areolar 
eonneetive tissue, a thin layer of smooth muscle, and an 
external layer of dense irregnlar eonneetive tissue. 


Female External Genilalia 

The orifiees of the urethra and vagina are surrounded by 
the female external genìtalìa, or Dnha. Figure 17.11 
illustrates the female external genitalia and perinenm 
(per-i-nè'-um), the area between the mons pubis and the 
anus. The portion of the perinenm between the vaginal ori- 
fiee and the anus is often ealled the obstetrieal perineam. It is 
so named beeanse this tissue is often torn during ehildbirth. 

The paired labìa majora (là'-bé-ah ma-jó'-rah) 
(singnlar, labmm majas) are ronnded longimdinal folds of 
adipose tissue and a thin layer of smooth muscle eovered 
by skin. The labia majora enelose the other external geni- 
talia, and their medial margins are separated by a narrow 
eleft. They join anteriorly at the mons pabis, a ronnded 


External 

urethral 

orifiee 

Vaginal 

orifiee 


Perineum 


Figure 17.11 Female External Genitalia. &p|R] 


enshion of adipose tissue over the anterior 
snrfaee of the pubic symphysis. The labia 
majora are formed of the same embryonie tis- 
sues that form the seromm in males. 

The labìa minora (singnlar, labmm 
Glans of minas) are paired, thinner, longimdinal folds 
elitoris medial to the labia majora. They join 

anteriorly to form a hoodlike eovering over 
the elitoris. Posteriorly, they join with the 
labia majora. 

The narrow spaee between the labia 
minora is known as the vestibnle. The ure- 
thra opens into its anterior region, and the 
vagina opens into its posterior region. The 
female external genitalia eontain the same 
ereetile tissnes as the male penis. The bulbs 
of the vestibule are eomposed of corpus 

- spongiosum and are loeated deep to the labia 

minora surrounding the distal vagina. They 
beeome engorged with blood and are involved 
in the female sexual response. The vestibalar 
(Barthoìin’s) glands lie posterior to the bulbs on eaeh side 
of the vaginal orifiee and release their seeretions into the 
vestibnle. The elitoris (kli'-to-r-is) is formed of two eolnmns 
of eorpora eavernosa that extend bilaterally near the pubis. 
The glans of the elitoris is formed by the union of the two 
eolnmns of the elitoris. The glans is the only portion of the 
female ereetile tissnes that is visible in the perinenm and 
is loeated at the anterior jnnetion of the labia minora. The 
glans eontains abnndant sensory reeeptors that are involved 
in the female sexual response. 

Table 17.2 snmmarizes the fnnetions of the female 
reprodnetive organs. 



eheek 



IJnderstanding 


9. How is a seeondary ooeyte formed? 
10. VVhat are the parts of the vulva? 


Table 17.2 Summary of Functions of Female Reproductive Organs 


Organ 


Function 


Ovary 

LJterine tube 
Uterus 
Vagina 
Labia majora 
Labia minora 
eiitoris 

Bulbs of the vestibule 
Vestibular glands 


The site of ooeyte production and maturation; seeretes estrogens, progesterone, and inhibin 

Reeeives and transports seeondary ooeyte, site of fertilization; earries the preembryo if fertilization occurs 

Provides an appropriate internal environmentfor the development ofembryo and fetus during pregnaney 

Serves as the copulatory organ and birth eanal 

Proteet other female external genitalia 

Enelose vestibule; proteet vaginal and urethral orifiees 

Gontains sensory reeeptors assoeiated vvith feelings of sexual pleasure 

Ereetile tissue of the vestibule that fills vvith blood during sexual stimulation 

Seerete fluid that lubricates vaginal orifiee and vestibule during sexual stimulation 
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17.5 Female Sexual Response 

Learning Objeetive 

10. Deseribe the female sexual response. 

In the absenee of sexual stimulation, the ereetile tissnes of 
the bulbs of the vestibule and the elitoris eontain a small 
amount of blood. When a woman is sexually stimulated, 
the sympathetie nerve impnlses cause dilation of the arteri- 
oles and eonstrietion of the vennles snpplying the ereetile 
tissnes. These vasenlar ehanges cause the ereetile tissues to 
beeome engorged with blood and prodnee ereetion. 

Simultaneously, parasympathetie nerve impnlses 
cause enlargement of the vaginal mucosa and breasts and 
ereetion of the nipples due to inereased blood flow to 
these areas. Seeretion of the vestibnlar glands is inereased, 
inbrieating the vestibnle and aiding entry of the penis. 

As in the male, the female sexual response culmi- 
nates in orgasm. Sympathetie nerve impnlses and the 
prostaglandins in semen cause the muscles of the pelvie 
floor and walls of the uterus and nterine mbes to eontraet 
rhythmieally. This reverse peristalsis aids the movement 
of sperm throngh the uterus and toward the snperior 
ends of the nterine mbes. Orgasm prodnees a sensation 
of intense pleasnre followed by general relaxation and a 
feeling of warmth throughout the body. 



eheek 



Understandinq 


11. What division of the antonomie nervons system 
triggers ereetion? 


17.6 Hormonal Gontrol 
of Reprodoetion in Females 


sex eharaeteristies. The female seeondary sex eharaeter- 
isties inelnde development of the mammary glands and 
breasts, a broad pelvis, inereased deposition of subcutane- 
ous tissue (espeeially in the breasts, bnttoeks, and thighs), 
and inereased blood supply to the skin. The develop- 
ment of axillary and pubic hair is stimulated by the small 
amount of androgens prodneed by the adrenal glands. 

After ovnlation, the portion of the ovarian folliele 
remaining in the ovary beeomes the corpus luteum (kor'- 
pus lu'-tè-um) (see figure 17.8Ò). Under stimnlation by LH, 
the corpus luteum seeretes the other female sex hormone, 
progesterone (pró-jes'-te-ròn), as well as estrogens. The 
major role of progesterone is the development and mainte- 
nanee of the endometrinm in pregnaney, but it also inhib- 
its nterine eontraetions and dilation of the cervix during 
pregnaney. Both estrogens and progesterone play major 
roles in the regnlation of the female reprodnetive eyeles. 

Female Reproductive Cycles 

The two female reprodnetive eyeles are hormonally eon- 
trolled and occur simultaneously starting at pnberty: the 
ovarian eyele and the menstrnal eyele. The ovarian eyele 
involves the monthly formation and release of a seeondary 
ooeyte and the ovarian events that take plaee in prepara- 
tion for pregnaney. The menstrual eyele involves repet- 
itive ehanges in the endometrinm that lead to monthly 
menstrnation if pregnaney does not occur. The lengths of 
these eyeles range from 24 to 35 days in different women, 
but 28 days is about average. Figure 17.12 illustrates the 
stages of the menstrual and ovarian eyeles along with the 
blood eoneentrations of the hormones that eontrol them 
in a 28-day eyele. 

Except for periods of pregnaney and nnrsing, women 
experience monthly reprodnetive eyeles from pnberty, at 
about 11 years of age, until menopanse. 


Learning Objeetive 

11. Deseribe the ovarian and menstrual eyeles and their 
regulation by hormones. 

Reprodnetion in females is eontrolled by hormones pro- 
duced by the hypothalamus, anterior lobe of the pimitary 
gland, and ovaries. 

Female Sex Hormones 

The ovaries prodnee the two major groups of female 
sex hormones-estrogens and progesterone-plus inhibin, 
which aids estrogens in exerting an inhibitory effeet on 
the anterior lobe of the pimitary gland via a negative-feed- 
baek meehanism. Ovarian follieles under the stimnlation of 
FSH prodnee estrogens, a group of female sex hormones 
prodneed primarily by the ovaries. Estrogens stimnlate 
the mamration of the female reprodnetive organs and the 
development and maintenanee of the female seeondary 


Ovarian Oyele 

Pnberty in females begins at about 11 years of age, with the 
first menstruation (menarehe) oeenrring at about 13 years 
of age. The female reproductive eyeles begin when the 
hypothalamns seeretes GnRH, which aetivates the ante- 
rior lobe of the pitnitary gland to release FSH and a small 
amount of LH. Refer to fignres 17.8, 17.9, 17.12, and 17.13 
as you smdy the following proeess in the ovarian eyele. 

Reeall that the primary ooetyes are formed within the 
primordial ovarian follieles of the ovary prior to birth. The pri- 
mordial ovarian follieles do not eontinne to mamre at birth, 
instead they arrest development for several years. Begin- 
ning at pnberty, during eaeh ovarian eyele, FSH promotes 
the development of about 20 of the primordial ovarian fol- 
lieles into primary ovarian follieles, eaeh eontaining a primary 
ooeyte whose follienlar epithelial eells have grown from 
squamous to cuboidal eells. Some of these primary ovarian 
follieles then develop fnrther into seeondary ovarian follieles 
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Figure 17.12 Female Reproductive Gyeles. [àpI^ 


as their follicular epithelial eells multiply and beeome strati- 
fied. The appearanee of small fluid-filled spaees within the 
seeondary ovarian follieles marks the formation of teniary 
ovarian follieles, eaeh still eontaining a primary ooeyte. The 
follienlar epithelial eells surrounding the primary ooeyte 
have now grown to beeome granulosa eells. The granu- 
losa eells are responsible for seereting estrogens-as well as 
passing nntrients to the developing ooeyte. 

During eaeh ovarian eyele, one dominant tertiary 
ovarian folliele will eontinne development. The remaining 
ovarian follieles nndergo atresia, or death. The developing 


tertiary ovarian folliele eontinnes to seerete low levels 
of estrogens, in addition to inhibin, into the blood. The 
low blood levels of estrogens, aided by inhibin, initiate a 
negative-feedbaek meehanism on GnRH and FSH, respee- 
tively. The inhibition of FSH seeretion prevents develop- 
ment of additional ovarian follieles. 

Even though the blood levels of FSH are low, 
inereased sensitivity of the grannlosa eells to FSH resnlts 
in a rapid rise in the prodnetion of estrogens starting 
on day 7 of the ovarian eyele, and reaehing a peak on 
day 12. At this high blood level, estrogens stimnlate the 
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(b) Days 7 to 28 


(T)GnRH from the hypothalamus stimulates the 
release of FSH (with some LH) from the anterior 
lobe of the pituitary gland. 



@FSH (with some LH) stimulates the development 


of ovarian follieles and the release of estrogens 
and inhibin from granulosa eells. 





( 4 )A rapid inerease in estrogens from granulosa 
eells leads to a sharp inerease in LH (and some 
FSH) via a positive-feedbaek meehanism that 
stimulates the hypothalamus. 


(^The sharp inerease in LH leads to the rapid 
maturation of the ovarian folliele and ovulation 


(^LH stimulates the formation of the corpus luteum 
and the release of progesterone, estrogens, and 
inhibin from the corpus luteum. 


(t) If fertilization does not occur, progesterone and 
estrogens inhibit the release of GnRH, which 
reduces the release of LH and FSH from the 
anterior lobe of the pituitary gland. Inhibin direetly 
inhibits the seeretion of FSH from the anterior lobe 
of the pituitary gland. 


(8)Decreased levels of LH no longer support the 
corpus luteum, which degenerates to beeome the 
corpus albieans. 


Figure 17.13 Hormonal Regulation of the Ovarian Cycle. 


hypothalamus to seerete GnRH via a positive-feedbaek 
meehanism, leading to the release of LH (and some FSH) 
from the anterior lobe of the pituitary. This results in a 
sharp inerease in LH and a lesser inerease in FSH levels in 
the blood, which peak on day 13. 


The abrupt inerease in LH stimnlates the rapid 
mamration of the dominant tertiary ovarian folliele into 
a matare ovarian folliele. LH also stimnlates the eomple- 
tion of meiosis 1 to form a seeondary ooeyte and the 
first polar body. Additionally, the high blood level of LH 
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stimulates ovulation, which releases the seeondary ooeyte 
surrounded by grannlosa eells. Ovnlation occurs 14 days 
before the onset of the next menstrnation, regardless of 
the length of the eyele. In a 28-day ovarian eyele, days 
1-14 are known as the folliealar phase. 

After ovnlation, LH stimnlates the transformation of 
the remaining grannlosa eells into the corpus luteum. The 
corpus luteum seeretes inereasing amonnts of progesterone 
and lesser amonnts of estrogens during days 15 to 25. The 
inereasing blood levels of progesterone, aided by estrogens 
released from the corpus luteum, begins a negative-feedbaek 
meehanism that inhibits the seeretion of GnRH by the 
hypothalamns. The laek of GnRH, aided by the release of 
inhibin from the corpus luteum, inhibits the release of LH 
and FSH by the anterior lobe of the pimitary gland. 

If the seeondary ooeyte is not fertilized, the corpus 
luteum degenerates into the nonfnnetional corpus albieans 
when blood LH levels deeline. Loss of the corpus luteum 
causes a rapid deeline in the blood levels of estrogens and 
progesterone from days 25 to 28. Days 15-28 of the ovarian 
eyele are known as the Imeal phase. Onee the low blood 
level of progesterone no longer inhibits the hypothalamns 
and allow the seeretion of GnRH, the next reprodnetive 
eyele begins. If the seeondary ooeyte is fertilized, the eor- 
pus luteum continues to enlarge and prodnee inereasing 
amonnts of progesterone and estrogens, and degenerates by 
16 to 20 weeks of development (see ehapter 18 for details). 

Menstrual Cycle 

The menstrnal, or nterine, eyele refers to the series of ehanges 
in the endometrinm that occur eaeh month unless preg- 
naney occurs. These ehanges are responses to fluctuating 
blood levels of estrogens and progesterone. The menstrnal 
eyele has four phases: menstruation, proliferative phase, 
seeretory phase, and premenstrnal phase (see figure 17.12). 

Menstraation starts a new menstrnal eyele. It begins 
on the first day of the next menstrnal eyele and lasts from 
three to five days. 

The proliferative phase is eharaeterized by a buildup 
of the endometrium under stimnlation by estrogens, 
whose eoneentration in the blood inereases as the domi- 
nant tertiary ovarian folliele develops. This phase begins 
at the end of menstrnation and ends at ovnlation. 

Following ovnlation, both progesterone and estro- 
gens are prodneed by the corpus luteum, and they 
eontinne the development of the endometrinm in the 
seeretory phase. Estrogens promote the eontinned thieken- 
ing of the endometrinm. Progesterone stimnlates the for- 
mation of blood vessels and glands in the endometrinm, 
preparing it to reeeive a preembryo. If fertilization of a 
seeondary ooeyte does not occur, the premenstraal phase 
begins. The blood levels of estrogens and progesterone 
drop rapidly, triggering the breakdown of the endome- 
trium. This evenmally leads to menstrnation on the first 
day of the next menstrnal eyele. 


Menopause, the eessation of regnlar menstrnal 
eyeles, usually begins around age 45-55 and ean last up 
to ten years. The onset is usually gradual with menstrual 
eyeles beeoming irregnlar. During this time, a woman ean 
still eoneeive, so menopanse is not eonsidered to be eom- 
plete until the eyeles have not oeenrred for one year. 

Aging of the ovaries is the cause of menopause. There 
are fewer primary ovarian follieles to respond to FSH and 
LH from the anterior lobe of the pitnitary, and ovnlation 
does not occur. Therefore, the seeretion of estrogens and 
progesterone by the ovaries is greatly enrtailed. 

The deeline in female sex hormones often is aeeom- 
panied by physieal symptoms such as headaehes, insom- 
nia, and depression. Hot flashes, caused by sudden and 
temporary dilation of dermal blood vessels, are perhaps 
the most eommon symptom. Hormone replaeement 
therapy (HRT), the administration of estrogens and pro- 
gesterone, was previonsly used to treat the unpleasant 
symptoms of menopanse. Its use has been greatly cur- 
tailed because smdies have shown that it inereases the 
risk of breast eaneer, strokes, and heart disease. 



eheek 



IJnderstanding 


12. How are FSH, LH, inhibin, estrogens, and proges- 
terone involved in ovarian and menstrnal eyeles? 




17.7 Mammary Glands 

Learning Objeetive 

12. Deseribe the structure of mammary glands and 
breasts. 

Both males and females possess mammary glands. The 
mammary glands of males and immatnre females are simi- 
lar. At pnberty, estrogens and progesterone stimnlate the 
development of female mammary glands. Estrogens start 
breast and mammary gland development, and progester- 
one stimnlates the matnration of the mammary glands 
so that they are eapable of seereting milk. Another hor- 
mone from the anterior lobe of the pitnitary, prolaetin, is 
required for milk production. 

Mamre mammary glands are female aeeessory repro- 
dnetive structures that are speeialized for milk produc- 
tion (figure 17.14). They are loeated in the subcutaneous 
tissue of female breasts. The breasts are formed superfi- 
eial to the peetoralis major. Breasts eontain large amonnts 
of areolar and adipose tissnes that surround and enshion 
the mammary glands. Dense irregnlar eonneetive tissue 
within the breasts is attaehed to the dermis and to the 
faseia of the peetoralis major to provide snpport for the 
breasts and mammary glands. Snperfieially, a eirele of pig- 
mented skin, the areola (ah-rè'-ó-lah), is loeated near the 
anterior portion of eaeh breast. A nipple eontaining eree- 
tile tissue is loeated in the eenter of eaeh areola. 
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Figure 17.14 Anatomy of the Female Breast and Mammary Glands. 

(a) Sagittal seetion. (b) Anterior view. 


Eaeh mammary gland eonsists of 15 to 25 lobes 
eontaining alveolar glands. Alveolar glands prodnee milk 
nnder stimnlation by prolaetin after the birth of an infant. 
Milk is earried from the alveolar glands by laetiferons 
dnets, which open into laetiferoas sinases that lead to the 
nipple and the external environment. Regnlation of laeta- 
tion is disenssed in ehapter 18. 



eheek 



LJnderstanding 


13. What hormone is required for the prodnetion 
of milk? 



17.8 Birth Gontrol 


Learning Objeetive 

13. Deseribe how various methods of birth eontrol work. 

Birth eontrol methods may be eategorized into several 
gronps based on their mode of aetion: hormonal, ehemieal 
and behavioral eontraeeptive methods, anti-implantation 
deviees, sterilization, and indneed abortion. Fignre 17.15 
shows a few birth eontrol deviees, and Table 17.3 sum- 
marizes the effeetiveness of the various birth eontrol 
methods. 


eontraeeption 

eontraeeption is the prevention of eoneeption, which is 
the union of sperm nucleus and ovum nucleus. Gontraeep- 
tive methods are designed to prevent sperm from reaehing 
and penetrating a seeondary ooeyte, which leads to the for- 
mation of an ovum. There are several types of eontraeeptives. 


inelnding the use of hormones, barriers to sperm, spermi- 
eides (ehemieals that kill sperm), and behavioral methods. 

Hormonal Methods 

Hormonal birth eontrol methods use a higher eoneentra- 
tion of synthetie progesterone and a lower eoneentration 
of synthetie estrogens to prevent ovnlation. These hor- 
mones provide a negative-feedbaek eontrol that inhib- 
its the seeretion of GnRH by the hypothalamns, which 
rednees the seeretion of FSH and LH by the anterior lobe 
of the pitnitary. This prevents mamration of ovarian fol- 
lieles so ovnlation does not occur. Use of hormonal birth 
eontrol methods is timed to a woman's menstrnal eyele. 

Hormonal birth eontrol methods are very effee- 
tive, but some women may experience nnpleasant side 
effeets, such as headaehe, irregular menstruation, nausea, 
and bloating. Women who smoke or have a history of 
blood elots, stroke, heart disease, liver disease, or uncon- 
trolled diabetes have an elevated health risk when using 
hormonal birth eontrol methods. 

There are several ways to use hormonal birth eontrol. 

The oral eontraeeptive, 'The pill,'' was the first 
available method of delivery, and it is still widely used. 
Several types are available, but the eombination pill, 
which eontains both synthetie progesterone and estro- 
gens, is most eommonly used. One pill is taken eaeh day 
for three weeks of the menstrnal eyele. 

Some eombination birth eontrol pills may be used 
in higher dosages as morning after pills (MAPs), for post- 
eoital emergeney eontraeeption. When used within 72 
hours of unprotected intereonrse, the hormone eombina- 
tion disrnpts normal hormonal eontrols and tends to pre- 
vent either fertilization or implantation. 
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Figure 17.15 Examples of Birth Gontrol Deviees and Chemicals. 

(a) Gervieal eap, (b) diaphragm and spermieide, (e) spermieide gel, (d) oral eontraeeptive, (e) intrauterine deviee, and (f) 
male and female eondoms. 


A birth eontrol pateh is a small adhesive skin 
pateh eontaining the synthetie hormones. It is applied 
to the skin, and the hormones are absorbed throngh the 
skin. A new pateh is used eaeh week for three weeks. 

A vagìnal ring is a soft plastie ring that is wedged 
into the superior part of the vagina, where it remains and 
releases synthetie hormones over a three-week period. It 
is removed at the start of the fourth week. 

Norplant is a set of tiny silieone rods eontaining 
synthetie progesterone that are snrgieally implanted deep 
to the skin of the arm or over the seapnla. The released 
progesterone aets similarly to an oral eontraeeptive by 
inhibiting ovnlation, and the implant is effeetive for up 
to five years. The implant may be removed to terminate 
eontraeeption. 


Depo-Provera is a synthetie progesterone that is 
administered by muscular injeetion at three-month inter- 
vals. It proteets against pregnaney by preventing ovuIa- 
tion and altering the endometrinm to inhibit implantation 
of a preembryo. Its use often causes weight gain as a side 
effeet, and it ean be a eonsiderable health risk, so it must 
be used under a physieian's eare. Women with a personal 
or strong family history of high blood pressnre, asthma, 
kidney disease, migraine headaehes, or breast eaneer are 
at inereased risk if using Depo-Provera. 

Barriers 

There are three types of barriers that are designed to pre- 
vent sperm from entering the uterus: eondom, diaphragm, 
and eervieal eap. 
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Table 17.3 Effeetiveness of Birth Control 
Methods 


Effeetiveness values are approxiinate because they vary 
vvith hovv the birth eontrol methods are used. 

Method 

Effeetiveness* 

Vaseetomy 

Nearly 100% 

Tubal ligation 

Nearly 100% 

Depo-Provera 

99% 

Norplant 

99% 

Oral eontraeeption 

97% 

Skin pateh 

97% 

Vaginal ring 

97% 

lntrauterine deviee (IUD) 

95% 

Male eondom 

85% 

Female eondom 

85% 

Diaphragm vvith spermieide 

80% 

Oervieal eap vvith spermieide 

80% 

VVithdravval 

75% 

Rhythm method 

70% 


*Effectiveness is the pereentage of women who do not beeome preg- 
nant in one year while using this method of birth eontrol. 


eondoms aet by preventing sperm from being 
deposited in the vagina. A male eondom is a thin sheath of 
latex rnbber that is slipped over the penis prior to sexual 
intercourse. A female eondom is a thin polynrethane bag 
with a flexible ring at eaeh end. The woman inserts the 
bag into the vagina prior to sexual intercourse. Gondoms 
reduce but do not eliminate the ehanee of infeetion by 
sexually transmitted diseases (STDs). 

A dìaphragm is a dome-shaped sheet of rnbber sup- 
ported by a firm but somewhat flexible ring. It is plaeed 
in the snperior vagina over the cervix prior to intereonrse. 
It prevents sperm from entering the uterus. Spermieidal 
substances are used along with a diaphragm. 

A eervieal eap is a thimble-shaped pieee of latex 
rubber that fits snugly over the cervix. Spermieidal sub- 
stanees are used with a eervieal eap. Females with abnor- 
mal Pap smears or eervieal infeetions should not use a 
eervieal eap. 

Spermieides 

A variety of spermieides are available, including ereams, 
jellies, and snppositories. These ehemieals kill sperm by 
destroying their plasma membranes. 


Behavioral Methods 

The rhythm method requires abstinenee from sexual 
intercourse from three days before the day of ovulation 
to three days after ovnlation, for a total of seven days. It 
is based on the faet that the seeondary ooeyte may be 


penetrated by a sperm for only about 24 hours after ovu- 
lation. One diffienlty with this method is determining 
the time of ovnlation, beeanse few women have perfeetly 
regnlar eyeles. The failnre rate is higher in women who 
have irregnlar eyeles. 

Withdrawal, or coìtus interruptus, is the 

removal of the penis from the vagina just prior to ejae- 
ulation. Failnres of this method result from preejacu- 
latory emission of semen or failnre to withdraw before 
ejaenlation. 

Anti-lmplantatien Deviees 

An imramerine deviee (IUD) is a small plastie and eopper 
objeet that is inserted into the uterus by a physieian. The 
1UD causes inflammation of the endometrinm, prevent- 
ing implantation of a preembryo. An 1UD may remain in 
plaee for long periods of time, but it should be eheeked 
at regular intervals by a physieian beeanse an 1UD may 
be spontaneonsly expelled from the uterus. Undesirable 
side effeets inelnde excessive menstrnal bleeding, pain- 
ful eramps, and an inereased risk of pelvie inflammatory 
disease and infertility. 

Sterilization 

Sterilization snrgeries may be performed on both males 
and females. In males, a vaseetomy is performed by cut- 
ting and bloeking the vasa deferentia within the sero- 
tum so that sperm do not form part of the semen. The 
sperm disintegrate and are reabsorbed. In females, a tubal 
lìgatìon is performed throngh a small abdominal inei- 
sion. The nterine tubes are cut and bloeked to prevent 
the transport of a seeondary ooeyte toward the uterus. 
The ovulated seeondary ooeytes disintegrate and are reab- 
sorbed. Vaseetomies and mbal ligations do not affeet the 
prodnetion of sex hormones or the sexual response. 

induced Abortion 

An abortìon is the premamre expulsion of an embryo or 
fems from the uterus. Spontaneous abortions are ealled 
misearriages. They usually result from hormonal disorders 
or serions abnormalities of the developing embryo. An 
indaeed abonion may be used to terminate an unwanted 
pregnaney. indneed abortion involves dilation of the eer- 
vix and removal of the embryo or fems by snetion or 
snrgieal means. Possible side effeets of indneed abortions 
inelnde prolonged bleeding, perforation of the uterus, and 
emotional trauma. 

The so-ealled abortion pill, mifepristone (RU 486), 
is a progesterone antagonist. It causes the endometrium 
to break down, thereby detaehing the embryo or fems, 
which is passed from the uterus after administration of 
prostaglandins to promote nterine eontraetions. Its use is 
limited to the first five weeks of pregnaney and requires 
the supervision and eare of a physieian. 
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IJnderstanding 



14. Hov\t do hormonal birth eontrol methods v\Aork? 

15. How does an IUD prevent pregnaney? 

V___ J 


17.9 Disorders of the 
Reproductive Systems 

Learning Objeetive 

14. Deseribe the eommon disorders of the reproductive 
systems. 

Male Disorders 

Prostatitis is acute or ehronie inflammation of the pros- 
tate gland and is often assoeiated with tenderness and 
enlargement of the prostate. It is usually caused by baete- 
ria in eonneetion with urinary traet infeetions or sexually 
transmitted diseases. It also occurs without a known cause. 

Benign prostatie hyperplasia (BPH) is the 
enlargement of the prostate gland without inflammation, 
resulting from an inerease in the number of glandular 
eells. It occurs in about 33% of males over 60 years of 
age and is usually deteeted by a reetal examination. In 
some eases, it may restriet the flow of urine and prevent 
the eontrol of mietnrition. It could lead to urinary reten- 
tion and urinary infeetions, but does not lead to prostate 
eaneer. The cause of BPH is unknown, although it may be 
related to the ehanges in the ratio of androgens to estro- 
gens assoeiated with aging. Surgical eorreetion usually is 
by transarethral reseetion, a procedure in which an instru- 
ment is inserted into the urethra to remove portions of 
the prostate gland eompressing the urethra. 

Prostate eaneer is the most eommon eaneer and 
the seeond leading cause of death from eaneer in Ameriean 
males. The cause is unknown, although it is probably related 
to genetie and hormonal faetors. It usually grows slowly and 
shows no symptoms at its early stage. Males over 40 years of 
age should have annual prostate examinations. 

Testienlar eaneer is the most eommon male ean- 
eer between 15 and 35 years of age, although it is not gen- 
erally a eommon form of eaneer. The cause is unknown, 
although it may be related to eryptorehidism, physieal 
damage, or environmental pollutants. It is one of the most 
easily deteeted eaneers and has one of the highest cure 
rates of all the eaneers. Monthly testicular self-exams are 
reeommended for men over age 14. 

Ereetile dysfnnetion (ED) is the inability to attain 
and maintain an ereetion long enough for sexual inter- 
course. It may result from organie or psyehologieal faetors. 
Treatment is available in most eases. 

Infertility is the inability of a male to produce 
and deposit in the vagina sufficient numbers of viable 


sperm to bring about fertilization of a seeondary ooeyte. 
A low sperm count is a eommon cause. 

Female Disorders 

Amenorrhea is the absenee of menstrnation. Primary 
amenorrhea is the failure of a woman to begin menstrna- 
tion, and it is caused by endoerine disorders or abnormal 
reproductive development. Seeondary amenorrhea is the 
absenee of one or more menstrnal periods without preg- 
naney. This may result from excessive physieal exertion 
or excessive weight loss. 

Dysmenorrhea refers to painful menstruation that 
prevents a woman from doing her normal aetivities for 
one or more days during the menstrnation. Uterine eon- 
traetions are thought to be responsible for the pain. 

Premenstrnal syndrome is eharaeterized by 
severe physieal or emotional distress after ovulation and 
prior to menstrnation. The cause is unknown, although it 
is probably related to ovarian hormone production. 

Toxic shoek syndrome is eharaeterized by high 
fever, fatigue, headaehe, sore throat, vaginal irritation, vomit- 
ing, and diarrhea. It results from a toxin produced by a strain 
of baeteria (Staphyloeoeeas aareas) whose growth is appar- 
ently enhaneed by the use of highly absorbent tampons. 

Endometrìosìs is the growth of endometrial tissue 
external to the uterus. The tissue migrates through the 
uterine mbes into the pelvie eavity. It may cause premen- 
strual or menstrual pain due to its breakdown during men- 
stmation. Infertility may result from mbal obstruction. 

Infertility in females is the inability to eoneeive. It 
may be caused by mbal obstruction, hypothalamus, pim- 
itary gland or ovarian diseases, or a laek of maintenanee of 
the endometrium. 

Pelvie inflammatory disease (PID) is a eolleetive 
term referring to any infeetion of the female reproductive 
organs and/or other pelvie tissues. The most eommon 
pathogens are those of sexually transmitted diseases that 
migrate into the pelvie eavity via the uterine mbes. 

Ganeer of the female reproductive system most 
often occurs as breast eaneer or eervieal eaneer. Breast 
eaneer is the most eommon eaneer and the seeond leading 
cause of death from eaneer in Ameriean females. Although 
the preeise cause is unknown, it is strongly related to 
genetie faetors and estrogens. It rarely occurs before age 
30 and is more prevalent after menopause. Monthly breast 
self-exams over age 20 and yearly mammography sereens 
over age 40 are reeommended. Any lump in a breast 
should be brought to a physieian's attention immediately 
because breast eaneer has a high fatality rate unless it is 
treated early. Gervieal eaneer is a rather slow-growing ean- 
eer and most of the eases are caused by human papilloma 
vimses (HPV). Two newly developed vaeeines, Cervarix 
and Gardasil, are available for preventing the types of HPV 
that cause most of the eervieal eaneer. These vaeeines are 
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reeommended for females and males at ages 11 to 26 and 
ages 11 to 21, respeetively. Annnal Pap smear exams, the 
eommon test for deteeting early eervieal eaneer, are ree- 
ommended for females over age 21. 

Sexually Transmitted 
Diseases (STDs) 

Acquired immunodefìciency syndrome (AIDS) resnlts 
from infeetion with the haman immanodefieieney viras (HlVf 
which attaeks a gronp of lymphoeytes known as helper T 
(Th) eells. HIV is transmitted via sexual intercourse and by 
blood transfer, inelnding throngh infeeted needles shared 
by drug users. Also, it may be passed from an infeeted 
mother to her developing fetus. It is not transmitted by 
casual eontaet. AIDS is disenssed in more detail in the disor- 
ders seetion of ehapter 13. 

Gonorrhea is caused by the bacterium Neisseria 
gonorrhoeae. In males, it infeets the nrethra, eansing pain- 
ful urethritis. In females, it infeets the vagina and may 
spread to the nrethra, uterus, uterine mbes, and pelvie 
eavity. Females may not experience symptoms until 
advaneed stages. Gonorrhea is a major cause of female ste- 
rility due to damage to the uterine tubes, and it ean cause 
blindness in newborn babies. Antibioties usually provide 
effeetive treatment. Most newborn infants born in hos- 
pitals reeeive eyedrops of antibioties at birth to proteet 
against possible gonorrhea infeetion. 

Syphilis is caused by the bacterium Treponema 
pallidam. Without treatment, syphilis progresses throngh 
several reeognizable stages. The first stage is eharaeterized 
by an open sore, a ehanere (shang'-ker), at the site of entranee 
by the baeterinm. It may not be readily notieed, espeeially 
in females. The ehanere heals within one to five weeks. 


Several weeks later, the seeond stage appears as muscle and 
joint pain, fever, and skin rash; it persists from four to eight 
weeks. Then, the disease enters a latent period of variable 
length. When the baeterinm begins to destroy organs, such 
as the brain and liver, the third stage is reeognized. Treat- 
ment with antibioties is effeetive prior to the third stage. 

Ghlamydìa (klah-mid'-è-ah) is caused by the baete- 
rium ehlamgdia traehomatis, and it infeets nearly 5 million 
people eaeh year. In males, it causes painhil nrethritis. In 
females, it may spread throughout the reproductive traet, 
causing damage to nterine tubes that ean lead to steril- 
ity. ehlamydia may also be transmitted from an infeeted 
mother to her infant during ehildbirth when the baete- 
rium enters the infanTs eyes. Antibioties are an effeetive 
treatment. 

Genital herpes is caused by the herpes simplex 
virus type 2. This disorder is eharaeterized by painhil blis- 
ters on the reprodnetive organs and may be aeeompanied 
by fever or flnlike symptoms. It may be transmitted from 
an infeeted mother to her infant during delivery. In the 
newborn, it may cause only mild diseomfort, serions neu- 
ral damage, or death. Treatment with the drug aeyelo- 
vir inhibits viral replieation but does not eliminate the 
virus. The virus remains in the body and intermittently 
prodnees the genital blisters. 

Genital warts are caused by HPV. About 1 million 
new eases occur eaeh year. Patients with genital warts 
may have an inereased risk of eertain eaneers of the 
reprodnetive organs. Althongh there is no treatment that 
eliminates the virus, the warts ean be removed by eleetro- 
eantery (bnrning), eryosnrgery (freezing), or laser snrgery. 
Two newly developed vaeeines, Cervarix and Gardasil, are 
available for preventing the types of HPV that cause most 
of the genital warts. 


ehaoter Sunnmar 


17.1 Male Reproductive System 

• The male reproductive system eonsists of the testes, 
aeeessory ducts, aeeessory glands, and external genitalia. 

• Testes are the male gonads. Eaeh testis is divided into 
lobnles eontaining seminiferons tubules that produce sperm. 
Interstitial eells between the tubules produce testosterone. 

• Spermatogenesis is the proeess of prodneing sperm 
from spermatogonia. Meiotie division of a primary 
spermatoeyte prodnees four spermatids that mamre 
into sperm, eaeh with 23 ehromosomes. 

Sperm pass from the seminiferons tubules into the highly 
eoiled epididymis, where they mature and are stored. 
From the epididymis, sperm pass in sequence throngh 
the vas deferens, ejaenlatory duct, and nrethra to the 
external environment. 

• Aeeessory glands seerete alkaline fluids. Seminal vesieles 
release their seeretions into the ejaenlatory ducts. 


The prostate gland and bulbo-urethral glands release 
their fluids into the nrethra. 

Semen eonsists of sperm and fluids from the testes and 
aeeessory glands. About 2 to 5 ml of semen is prodneed 
in eaeh ejaenlation, with 50 to 150 million sperm in eaeh 
milliliter. Semen nentralizes the aeidity of the male's 
nrethra and the female’s vagina, and eontains snbstanees 
that proteet and nonrish the sperm and aetivate the 
swimming movement of sperm. 

Testes are eontained in the saelike seromm external to 
the body. The eremaster and dartos eontrol the distanee 
the testes are from the body to keep the temperamre 
of the testes at about 2-3 °F below average body 
temperamre. 

The penis eontains three eolnmns of ereetile tissue that 
beeome engorged with blood during sexual excitement. 
The ereet penis is inserted into the vagina in sexual 
intercourse. 
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17.2 Male Sexual Response 

• Sexual stimulation causes ereetion of the penis. In sexual 
intercourse, continued stimulation resnlts in orgasm, 
which is eharaeterized by ejaenlation and intense pleasnre. 

• After orgasm, blood leaves the ereetile tissnes and the 
penis remrns to its flaeeid state. 

17.3 Hormonal Gontrol of Reproduction 

in Males 

• At pnberty, the hypothalamns seeretes GnRH, which 
stimnlates the anterior lobe of the pimitary to release FSH 
and LH. LH stimnlates the prodnetion of testosterone. 

FSH and testosterone stimnlate the prodnetion of sperm. 

• Testosterone stimnlates the mamration of the male 
reprodnetive organs, and the eontinnation of sperm 
prodnetion. It also develops and maintains the male 
seeondary sex eharaeteristies. 

• Testosterone seeretion is regnlated by a negative-feedbaek 
meehanism. 

• Sperm prodnetion is kept within normal limits by inhibin 
exerting a negative-feedbaek eontrol on FSH seeretion. 

17.4 Female Reproductive System 

• The female reprodnetive system eonsists of the ovaries, 
nterine mbes, uterus, vagina, and external genitalia. 

• Ovaries are the female gonads, which prodnee female sex 
eells and female sex hormones. They are loeated in the 
pelvie eavity on eaeh side of the uterus. 

• Oogenesis is the proeess of prodneing female sex eells 
from oogonia. Millions of oogonia are formed during fetal 
development, but most degenerate. Those that remain 
beeome primary ooeytes eontaining 46 ehromosomes 
and are enveloped by a single layer of squamous follicular 
epithelial eells, forming primordial ovarian follieles. 

• Starting at pnberty, a few primary ovarian follieles 
are stimnlated to grow eaeh month. The dominant 
tertiary ovarian folliele enlarges, and its primary ooeyte 
nndergoes the first meiotie division, forming a seeondary 
ooeyte and the first polar body. 

• The mamre ovarian folliele grows until it mptnres, 
releasing the seeondary ooeyte in ovnlation. 

• The infundibulum of a uterine mbe reeeives the 
seeondary ooeyte, and the nterine mbe earries it toward 
the uterus. If the seeondary ooeyte is penetrated by a 
sperm, the seeond meiotie division occurs, forming the 
ovum and a seeond polar body. Then, the sperm nucleus 
and ovum nucleus unite at fertilization. 

• The uterus is loeated in the pelvie eavity posterior to 
the nrinary bladder. Its major fnnetion is to provide a 
snitable environment for the developing offspring. The 
layers eomposing the nterine wall are the endometrium, 
myometrium, and perimetrium. 

• The vagina serves as the eopnlatory organ and the birth 
eanal. 

• The female external genitalia are eolleetively ealled the 
vulva, which includes the lateral labia majora, the medial 
labia minora enelosing the vestibnle, and the elitoris, two 


eolnmns of eorpora eavernosa that join at the anterior 
jnnemre of the labia minora. 

17.5 Female Sexual Response 

• Sexual stimulation causes ereetion of the elitoris, bulbs of 
the vestibule, and nipples and seeretion by the vestibnlar 
glands. 

• Sexual response enlminates in orgasm, which prodnees 
rhythmie eontraetions of mnseles in the walls of the 
uterus and nterine mbes and a feeling of intense pleasnre. 

17.6 Hormonal Gontrol of Reproduction 

in Females 

• The ovaries seerete estrogens and progesterone, the 
female sex hormones. Estrogens stimnlate the mamration 
of the female reprodnetive organs and the development 
and maintenanee of female seeondary sex eharaeteristies. 
Progesterone and estrogens maintain the endometrinm 
during pregnaney. 

• Female reprodnetive eyeles involve simultaneous 
ovarian and menstmal eyeles, which are eontrolled by 
interaetions of FSH, LH, estrogens, and progesterone. 

• The start of an ovarian eyele is initiated by the seeretion of 
GnRH by the hypothalamns, which stimnlates the release 
of FSH and a small amount of LH from the anterior lobe 

of the pitnitary gland. FSH promotes the development of 
ovarian follieles. The dominant ovarian folliele enlarges 
and seeretes estrogens and some progesterone. Estrogens, 
aided by inhibin, snppress FSH seeretion to prevent 
development of additional ovarian follieles. Levels of 
estrogens eontinne to inerease under FSH stimnlation. 

The high level of estrogens triggers the hypothalamns to 
prodnee LH and a small amount of FSH. Ovnlation resnlts 
from folliele stimnlation by a sharp inerease in LH. 

• After ovnlation, the ovarian folliele remnants beeome a 
corpus luteum under stimnlation by LH. The seeretion of 
GnRH is snppressed by a large amount of progesterone 
and a lesser amount of estrogens. If fertilization does not 
occur, seeretion of progesterone and estrogens deelines 
rapidly, which allows the hypothalamns to seerete 
GnRH, starting another ovarian eyele. 

• A menstmal eyele begins with the first day of 
menstmation, which resnlts from the deeline in the 
blood levels and estrogens. inereasing levels of estrogens 
cause thiekening of the endometrium during the 
proliferative phase. After ovnlation, estrogens stimnlate 
eontinned development of the endometrinm, and 
progesterone promotes the formation of blood vessels 
and glands in the endometrinm in the seeretory phase. 

• If fertilization does not occur, the drop in blood levels 
of progesterone and estrogens begins the premenstmal 
phase. The premenstmal phase ends with the onset of 
menstmation. 

• Menopanse is the eessation of menstmal eyeles. It usually 
occurs between ages 45 and 55. 

• Menopanse resnlts when primary follieles no longer 
respond to FSH and LH, resnlting in a marked deeline in 
estrogen and progesterone seeretion. 
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17.7 Mammary Glands 

• Mammary glands are adapted to seerete milk 
after ehildbirth. They are loeated within the female 
breasts. 

• Estrogens and progesterone stimulate development of 
the mammary glands and breasts. Prolaetin stimnlates 
the prodnetion of milk. 

17.8 Birth Gontrol 

• Gontraeeptive methods inelnde hormonal methods, 
barriers, spermieides, and behavioral methods. 

• Anti-implantation methods use intrauterine deviees that 
ehange the endometrium, preventing implantation. 
Sterilization methods involve a vaseetomy in males or a 
mbal ligation in females. 

Self-Revi evv 


• indneed abortion involves dilation of the cervix and 
evaenation of the nterine eontents. 

17.9 Disorders of the Reproductive 

Systems 

• Gommon male disorders inelnde benign prostatie 
hyperplasia, prostate eaneer, testienlar eaneer, 
impotenee, and infertility. 

• Gommon female disorders inelnde amenorrhea, 
dysmenorrhea, premenstmal syndrome, toxic shoek 
syndrome, endometriosis, infertility, pelvie inflammatory 
disease, and eaneer. 

• Gommon sexually transmitted diseases inelnde AIDS, 
gonorrhea, syphilis, ehlamydia, genital herpes, and genital 
warts. 


Answers are loeated in appendix B. 

1. Male gonads, the_, are formed in the pelvie eavity 

and migrate into the saelike_before birth. 

2. Sperm are formed within_in the testes by a pro- 

eess ealled_. 

3. Sperm mamre within the_and pass throngh 

the vas deferens,_, and_to the external 

environment. 

4. During sexual stimulation, the ereetile tissue of the penis 

beeomes engorged with_. 

5. The hormone_stimnlates the seeretion of_ 

by interstitial eells. 

6. Female sex eells are formed in the_by a proeess 

ealled_. 

7. At ovnlation, a_is released from an ovary and 

enters a_, which earries it toward the uterus. 

8. Oogenesis is eompleted if a_is penetrated by a 

sperm, forming an ovum and a_. 


9. The_serves as the female eopnlatory organ and 

birth eanal. 

10. The onset of pnberty begins with the release of_ 

from the hypothalamns, which stimnlates seeretion of 

FSH and_by the anterior lobe of the pimitary 

gland. 

11. FSH promotes the seeretion of_by the ovarian 

follieles. 

12. After ovnlation, the empty ovarian folliele beeomes 

a_, which seeretes progesterone, which promotes 

buildup of the_of the uterus. 

13. If fertilization does not occur, a rapid_in 

estrogens and progesterone causes a breakdown of 
the endometrinm, triggering the onset of_. 

14. Hormonal birth eontrol methods aet by preventing_ 

whereas an IUD prevents_of a preembryo. 

15. The development of seeondary sex eharaeteristies is 

stimnlated by_in females and_in males. 


Critical Thinkin 


1. What are the similarities and the differenees between oogenesis and spermatogenesis? 

2. Can an HlV-infeeted man who has had a vaseetomy transmit HIV to his sexual partner? Explain. 

3. Will a mbal ligation trigger the onset of menopanse? Explain. 

4. If an adult male is eastrated (testes removed), how will this affeet the blood eoneentrations of testosterone, FSH, LH, and 
GnRH? 

5. If a woman has lower than normal blood levels of estrogens and LH, and higher than normal blood levels of GnRH, which 
organ(s) does (do) not fnnetion normally? Why? 
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CHAPTER OUTLINE 


Sandra and Golin, a married couple in their early 
40s, diseover that Sandra is pregnant with their 
first ehild and are very excited. However, they are 
aware that later in life pregnaneies are higher risk. 
Deeades of researeh show that there is a higher 
risk of ehromosomal abnormalities, most notably 
Down Syndrome, in fetuses eoneeived by men 
and women over 40. The likelihood of physieal 
malformations, such as clubbed foot, or organ 
malfunction is also greatly inereased. In light of all of 
these potential problems, Sandra and Golin eleet to 
have an amnioeentesis test performed at 18 weeks 
of development. Duringthe test, a small amount of 
amniotie fluid is withdrawn from around the fetus. 
The fetal tissues within the fluid show no evidenee of 
ehromosomal anomalies, nor do they indieate other 
fetal issues such as neural tube defeets. Their 3D 
ultrasound at 24 weeks of development also shows 
normal development of the major organs and limbs. 
VVith eonfirmation that their fetus is healthy and 
developing normally, Sandra and Golin breathe a 
little easier and move into the third trimester of the 
pregnaney with happy antieipation. 
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SELEGTED KEY TERMS 


Allele An alternate form of a gene. 
Embryo The developmental stage 
extending from the beginning of 
the third week throngh the end of 
the eighth week of development. 
Fertilization The nnion of 
sperm nucleus and ovum nucleus; 
eoneeption. 

Fetus The developmental stage 
extending from the beginning of the 
ninth week of development to birth. 
Gene A unit of heredity; part of a 
DNA moleenle in a ehromosome. 
Genotype The genetie 
eomposition of an individnal. 


Germ layer One of three 
embryonie tissnes from which 
all subsequent tissnes develop. 
Heterozygous (hetero = different) 
A eondition in which alleles of a 
gene pair are different. 
Homozygous (homo = the same) 
A eondition in which alleles of a 
gene pair are identieal. 
Implantation The attaehment of 
a blastoeyst to the endometrinm. 
Partnrition The proeess of giving 
birth. 

Phenotype (phen = visible) The 
observable traits determined by genes. 


Plaeenta (plae = flat) Temporary 
organ that allows for the exchange 
of snbstanees between maternal 
and embryonie/fetal bloods. 
Preembryo The developmental 
stage extending from fertilization 
throngh the end of the seeond 
week of development. 

Zygote (zygo = yolk) Cell 
formed by the union of the sperm 
nucleus and ovum nucleus that 
leads to the development of a 
human being. 


EACH NEW LIFE BEGINS AS A SINGLE CELL formed by the 

fusion of a sperm and an ovum. At the instant of its forma- 
tion, this first eell eontains all of the inherited information 
neeessary for growth and development, plus all of the inher- 
ited eharaeteristies that provide an individnars unique iden- 
tity. After about 38 weeks of prenatal (fertilization to birth) 
growth and development or 40 weeks from the beginning 
of the last menstrnation (pregnaney), an infant is born. 

18.1 Fertilization and Early 
Development 

Learning Objeetive 

1. Deseribe the proeesses of fertilization, preembryonie 
development, and implantation. 

Reeall from ehapter 17 that eaeh primary ooeyte under- 
goes the first meiotie division while still in the ovarian 
folliele. This division forms a seeondary ooeyte and the 
first polar body, eaeh eontaining 23 ehromosomes. At 
ovnlation, the seeondary ooeyte and first polar body, still 
enelosed within a sphere of grannlosa eells, are released 
into a nterine tube. They are slowly moved toward the 
uterus through peristalsis and the beating eilia of epithe- 
lial eells lining the nterine mbe. 

Fertilization 

After semen is deposited in the vagina, sperm begin their 
long jonrney into the uterus and on into the nterine 
mbes. Sperm inherently swim against the slight enrrent 
of fluid that flows from the uterine mbes throngh the 
uterus and into the vagina, which helps to guide sperm 
towards the uterine mbes. Of the millions of sperm in 
the semen, only a few hnndred sperm aemally enter the 


nterine mbes. Prostaglandins in semen stimnlate reverse 
peristalsis of the uterus and nterine mbes that greatly aids 
the migration of sperm. Sperm reaeh the snperior portions 
of the nterine mbes within one hour after sexual inter- 
course. Usually, only one nterine mbe eontains a seeond- 

one seeondary 
released at ovnlation. Sperm entering an empty nterine 
mbe have no ehanee for fertilization. 

Within the nterine mbe, sperm are ehemieally 
attraeted to the seeondary ooeyte. Many sperm elnster 
around the ooeyte and attempt to penetrate the granu- 
losa eells (figure 18.1). The aerosomes of the sperm release 
enzymes that dissolve the ''glue'' holding grannlosa eells 


ooeyte is usually 


ary ooeyte because only 



Figure 18.1 Seanning eleetron photomierograph of 
sperm elostered on the sorfaee of a seeondary ooeyte 
(1,200x). Only one sperm may enter the ooeyte. 
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together so they ean reaeh the ooeyte. It takes many sperm 
to disperse the grannlosa eells, so that one sperm ean even- 
mally wriggle between them to eontaet the ooeyte. The 
aerosome then releases a different enzyme that enables 
the sperm to penetrate the ooeyte membrane and enter 
the ooeyte. Onee this happens, ehanges in the ooeyte plasma 
membrane prevent other sperm from entering (fignre 18.2). 

When a sperm enters the seeondary ooeyte, it trig- 
gers the seeond meiotie division, which forms the ovum 
and a seeond polar body. Then, the sperm nnelens and 
ovum nucleus unite in fertìlìzatìon to form a zygote, 
the first eell of the infant-to-be. The zygote is the first 
stage of development. The zygote eontains 46 ehromo- 
somes, 23 from the sperm and 23 from the ovum. 

A seeondary ooeyte remains viable for about 24 hours 
after ovulation. Most sperm remain viable in the female 
reprodnetive traet for about 72 hours, although some may 
be viable for up to five days. Therefore, fertilization is most 
likely to occur when sexual intercourse occurs from three 
days before ovulation to one day after ovnlation. 

Preembryenie Development 

Immediately after fertilization, the zygote begins to divide 
by mitotie eell division. The early eell divisions are eollee- 
tively known as eleavage. These divisions occur so rapidly 
that maximum cellular growth between divisions is not 
possible, which resnlts in inereasingly smaller eells. During 
this time, the preembryo is earried along the nterine 
tube by peristalsis and the beating eilia of epithelial eells 
lining it. By the time the preembryo reaehes the uterus, it 
eonsists of a solid ball of eells ealled a morala (mor'-u-lah) 
that is not much larger than the zygote. 


Continued but slightly slower mitotie divisions form 
a larger hollow ball of eells ealled a blastoeyst (blas'-to-sist). 
Loeated within the blastoeyst is the embryoblast or inner 
eell mass, a speeialized group of eells from which the 
embryo later develops. The superficial wall of the blas- 
toeyst is ealled the trophoblast, which later will form the 
embryonie portion of the plaeenta. 

About the seventh day of development, the blas- 
toeyst attaehes to the endometrinm. Digestive enzymes, 
released from the trophoblast, enable the blastoeyst to 
penetrate into the endometrinm, where it is soon eovered 
by the snperfieial endometrinm. This entire proeess is 
ealled ìmplantatìon and is eompleted by the fonrteenth 
day (figure 18.3). 




niea 


nsiqh 


identìeal, or monozygotie, tvvins develop from a single 
zygote; this means that the twins possess identieal 
genetie eharaeteristies. The embryoblast of the blas- 
toeyst separates eompletely, usually by the end of 
the fìrst week of embryonie development, and results 
in two embryos within separate amnion saes yet 
sharing a eommon ehorion and plaeenta. Froternol, 
or dízygotìe, tvvìns develop from two zygotes; two 
different seeondary ooeytes are fertilized by differ- 
ent sperm. These twins do not possess identieal 
genetie eharaeteristies and develop within separate 
amnions and ehorions. Eaeh embryo develops its 
own plaeenta, though the plaeentas may fuse ifthey 
are loeated near eaeh other within the uterus. 


First polar body 


eytoplasm of 
seeondary ooeyte 



Sperm 


Granolosa 

eells 


Spindle fiber 


Figure 18.2 Enzymes from many sperm are required to separate the granulosa eells, enabling one sperm to 
penetrate the plasma membrane of the seeondary ooeyte. Sperm penetration triggers the seeond meiotie division 
within the seeondary ooeyte in order to form the ovum. 
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Seeondary ooeyte 
First polar body 


Trophoblast 


First and 
seeond 
polar bodies 


Fertilization 


Sperm 

nucleus 

Ovum 

nucleus 


Zygote 


Zygote 


nucleus 


2-eell 

stage 


4-eell 

stage 


8-eell 

stage 


eieavage 


Embryoblast 


Blastoeyst 


Figure 18.3 The stages of fertilization, eleavage, and implantation. Implantation begins on about the seventh day of 
development. 



eheek 



IJnderstanding 



1. How do sperm reaeh the seeondary ooeyte? 

2. What are the major events that occur from sperm 
penetration of a seeondary ooeyte to implantation? 

v___ J 


18.2 Embryonie Development 

Learning Objeetives 

2. Deseribe the major events of embryonie development. 

3. Explain the importanee of the three germ layers. 

4. Identify the extraembryonic membranes and their 
functions. 

5. Deseribe the structure and function of the plaeenta. 

The embryonie stage of development begins at the start 
of the third week of development and is eompleted at 


the end of the eighth week. Dnring this time, the embryo 
nndergoes rapid development, forming the rndiments 
of all body organs, extraembryonic membranes, and the 
plaeenta. By the end of the eighth week, it has a distinet 
hnman appearanee. 

Germ Layers 

Afeer implantation, the embryoblast grows to beeome 
the embryonie dise, which is snpported by a short stalk 
extending from the wall of the blastoeyst. The embryonie 
dise eonsists of three embryonie tissnes: eetoderm, meso- 
derm, and endoderm. The eetoderm forms the posterior 
snrfaee of the developing embryo, while the endoderm 
forms the anterior snrfaee. The mesoderm is the middle 
tissne layer. These embryonie tissnes are ealled germ 
layers beeanse all body tissnes and organs are formed 
from them. Fignre 18.4 illnstrates the formation of the 
germ layers. 
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ehorion 

Eetoderm 

Germ layers of - Mesoderm 
embryonie dise 

Endoderm 


Yolk sae 



Endometrinm 


Amnion 

Amniotie eavity 
(filled with 
amniotie fluid) 

Gonneeting stalk 

Extraembryonic 

eavity 

ehorionie villi 


Figure 18.4 Development of the germ layers of the embryonie dise and three extraembryonic membranes—ehorion, 
amnion, and yolk sae—in an embryo. Note the ehorionie villi. 


Briefly, eetoderm forms all of the nervons system 
and the epidermis of the skin. Mesoderm forms mus- 
eles, bones, blood, and other forms of eonneetive tissues. 
Endoderm forms the epithelial lining of the digestive, 
respiratory, and nrinary traets. Table 18.1 provides a more 
detailed listing of the major strnemres formed by eaeh 
primary germ layer. 

Extraeinbryonic Membranes 

While the embryonie dise is forming, slender extensions 
from the trophoblast grow into the surrounding endome- 
trium, firmly anehoring the blastoeyst. The trophoblast of 
the blastoeyst is now ealled the ehorion (kò'-ré-on), the 


most snperfieial extraembryonic membrane, and the slen- 
der extensions are known as ehorionie (kó-ré-on'-ik) villi. 

At about the same time, two other extraembryonic 
membranes separate from the embryonie dise. The amnion 
(am'-nè-on) is formed posterior to the embryo and the 
yolk sae is formed anterior to the embryo (figure 18.4). 
Amniotie flaid fills the amniotie eavity, the spaee between the 
embryonie dise and the amnion. As the embryo develops, 
the amnion margins move toward the anterior snrfaee of 
the embryo. In a short time, the embryo is enveloped by the 
amnion (figure 18.5). 

Amniotie fluid serves as a shoek absorber for the devel- 
oping embryo. It also prevents adhesions from developing 


Table 18.1 Structures Formed by the Primary Germ Layers 


Eetoderm 

Mesoderm 

Endoderm 


All nervous tissue 

All eonneetive tissues including 

Epithelial lining ofalimentary eana 


Sensory epithelium of sense organs 

bone and eartilage 

(except oral eavity and anal eanal) 


Pituitary gland, pineal gland, and adrenal 

Skeletal, eardiae, and most 

Liver and panereas 


medulla 

smooth muscle tissue 

Epithelial lining of respiratory system 

Epidermis of the skin including nails, hair 

Red bone marrovv and lymphoid 

(except nasal eavity and paranasal 


follieles, sebaceous glands, svveat glands. 

tissue 

sinuses) 


and mammary glands 

Blood and lymphatie vessels 

Epithelial lining of urethra and bladder 

Gornea, lens, and internal muscles of eye 

Dermis of the skin 

Thymus, thyroid and parathyroid glands 

Epithelial lining of oral and nasal eavities. 

Kidneys, ureters, gonads, and 

Epithelial lining of aeeessory 


paranasal sinuses, and anal eanal 

reproductive ducts 

reproductive glands 


Salivary glands 

Adrenal cortex 

Epithelial lining of tonsils, auditory 


Tooth enamel 

eranial and spinal meninges 

Synovial and serous membranes 

Spleen 

tubes, and tympanie eavity 
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Allantois 

Dnnbilieal 

eord 

Amnion 

ehorion 


Amniotie 

eavity 


Extraembryonic 

eavity 

Yolk sae 



Maternal blood 
vessels 


Ghorionie villi of 

developing 

plaeenta 


Endometrium 


Figure 18.5 Amniotie fluid surrounds the embryo as the amnion continues to grow. The yolk sae and allantois 
beeome part of the developing umbilical eord. The ehorion surrounding the embryo beeomes thinner, the ehorionie 
villi grow into the endometrium, and embryonie blood vessels extend into the ehorionie villi as the plaeenta develops. 


between varions parts of the embryo. Later in development, 
the fems swallows and inhales amniotie flnid and diseharges 
dilnte nrine into it. 

The yolk sae forms an ontpoeketing that beeomes 
the allantoìs (al-lan'-to-is), the last of the extraembryonic 
membranes. Both the allantois and the yolk sae snbse- 
quently beeome part of the nmbìlìeal (um-bil'-i-kal) eord, 
which attaehes the embryo to the plaeenta (figure 18.5). 
The yolk sae forms the early formed elements and germ 
eells for the embryo. It also serves as a shoek absorber for 
the embryo, in addition to forming the primitive gut. The 
allantois also prodnees formed elements and brings umbili- 
eal blood vessels to the plaeenta. 

Plaeenta 

As the embryo eontinnes to grow and the ehorion 
enlarges, the layer of the endometrinm eovering the blas- 
toeyst beeomes inereasingly thinner. The ehorionie villi 
in this region disintegrate, and only those in eontaet with 
the thiek, spongy endometrinm persist. This leads to the 
formation of the plaeenta (plah-sen'-tah), a dise-shaped 
structure formed of both embryonie and maternal tissnes. 
The embryonie portion is formed of the ehorion and eho- 
rionie villi, and the maternal portion is formed of the asso- 
eiated endometrinm (figure 18.5). 

The developing embryo is attaehed to the pla- 
eenta by the nmbilieal eord. Two nmbilieal arteries bring 
embryonie blood to the plaeenta, and a single nmbilieal 
vein remrns the blood to the embryo. There are no nerves 
in the nmbilieal eord. 

The plaeenta provides an interfaee between the 
embryonie and maternal bloods for the exchange of water. 


respiratory gases, nntrients, wastes, hormones, and anti- 
bodies. The embryonie blood must reeeive all required 
substances from the motheTs blood and pass metabolie 
wastes into the motheTs blood. The plaeenta is usually 
fully hmetional by the end of the eighth week. 

The embryonie and maternal bloods do not mix in 
the plaeenta. The maternal blood vessels open into blood- 
filled spaees ealled laeanae into which the embryonie 
blood vessels extend and braneh repeatedly. This arrange- 
ment provides a large snrfaee area for the exchange of 
snbstanees between embryonie and maternal bloods. 
Observe this relationship in figure 18.6. 



Many substances are harmful to a developing 
embryo and fetus because they ean pass aeross 
the plaeenta from the maternal blood into the 
blood of the embryo and fetus. Such harmful sub- 
stanees include aleohol, eoeaine, heroin, nieotine, 
eaffeine, and many therapeutic drugs. Physieians 
reeommend that no drugs or other ehemieal sub- 
stanees be taken during pregnaney except those 
that are crucial for the mother’s health. 

In addition, pathogens of eertain maternal 
infeetions ean also pass aeross the plaeenta and 
infeet the fetus. These infeetions include AIDS, 
German measles, syphilis, and toxoplasmosis 
(transmitted from eat feees). All of these diseases 
may cause serious fetal disorders. 

V___ J 
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Endometrium 


Plaeenta 



Dmbilieal arteries 
Dmbilieal vein 


Maternal blood in lacuna 


Diffusion 

Oxygen and 
nutrients into 
fetal blood 


Diffusion 

VVaste substances 
into maternal blood 


Blood flow from fetus, braneh of umbilical artery 


Blood flow to fetus, braneh of umbilical vein 


Ohorionie villus 


Figure 18.6 The plaeenta is formed of both embryonie and maternal tissues. The ehorion and ehorionie villi form the 
embryonie portion, vvhile the endometrium of the uterine vvall forms the maternal portion. Materials are exchanged 
betvveen embryonie and maternal bloods by diffusion. 


External Appearanee 

By the fourth week of development, the head and limb 
buds of the embryo are reeognizable. By the seventh week, 
the rudiments of all organs are present, and the eyes and 
ears are visible. Figure 18.7 illustrates the visible ehanges 
in the embryo from the fourth to the seventh week. 



eheek 



IJnderstanding 


3. What are the three primary germ layers and what 
does eaeh form? 

4. What are the extraembryonic membranes, and 
what are their roles? 

5. What eomposes the plaeenta and what is its 
function? 


18.3 Fetal Development 

Learning Objeetive 

6. Deseribe the major ehanges that occur during fetal 
development. 


At the beginning of the ninth week of development, the 
developing offspring has a distinetively human appear- 
anee and is now referred to as a fetus (figure 18.8). 
Table 18.2 highlights the ehanges in physieal appearanee 
that take plaee during fetal development. 

At the start of the fetal stage, the head is as large 
as the body and all rudimentary organs are present. The 
ossifieation of bones begins during weeks nine through 
twelve and organs continue to develop. By the twelfth 
week, the fetus weighs about 45 grams and is about the 
size of a eandy bar. 

During the thirteenth through sixteenth weeks, the 
eyes and ears reaeh their final positions and a heartbeat 
may be deteeted with a stethoseope. During the seven- 
teenth through twentieth weeks, fine hair (lanago) eovers 
the body and hair appears on the sealp. Sebum from seba- 
ceous glands and dead epidermal eells form the vernix 
easeosa, which proteets the skin from the digestive and 
urinary wastes in the surrounding amniotie fluid. Move- 
ments of the fetus may now be deteetable by the mother. 
By the end of the twentieth week, the fetus weighs about 
460 grams, or approximately one pound. 

Continued growth of organ systems during the 
twenty-first through twenty-ninth weeks enables the 
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Actual 
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7 weeks 


Figure 18.7 External appearanee of the embryo from 
the fourth to the seventh week of development. 


head, body, and limbs to attain infant proportions. How- 
ever, the fetns is still lean, with wrinkled, rather transln- 
eent skin. By the twenty-ninth week, the fems weighs 
abont 1,300 grams, or approximately 3 ponnds. 

Deposition of adipose tissne in the subcutaneous tis- 
sue plus continued growth and development of organ sys- 
tems, as well as the deseent of the testes in males, occur 
in the eighth and ninth months. By the time the fems 
is full term, the lanugo has been shed, the skin is pink- 
ish with ample subcutaneous tissue, hair eovers the sealp, 
and all organ systems are ready for birth. The fems weighs 
about 3,400 grams or about 7.5 pounds. 



eheek 



IJnderstanding 


6. When does the fetal stage begin? 




Figure 18.8 A photograph of an eight-week embryo 
showing the umbilical eord and the enveloping amnion. 

18.4 Hormonal Gontrol 
of Pregnaney 

Learning Objeetive 

7. Explain the hormonal eontrol of pregnaney. 

Without the formation of a preembryo, the corpus luteum 
degenerates about two weeks after ovulation as a result of 
the deeline in Inteinizing hormone from the anterior lobe 
of the pimitary gland. The resnlting deeline in blood levels 
of estrogens and progesterone causes the endometrium to 
break down and to be shed with menstmation. Pregnaney 
causes hormone ehanges that maintain the endometrinm. 

The trophoblast of the blastoeyst (see figure 18.3) 
seeretes human ehorionie gonadotropin (hCG) (kò-rè 
-on'-ik gòn-ah-dò-trò'-pin), an LH-like hormone that main- 
tains the corpus luteum. Reeall that the trophoblast forms 
the ehorion, which forms the embryonie portion of the pla- 
eenta and is also a source of hCG. IJnder stimnlation of hCG, 
the corpus luteum continues to seerete progesterone and 
estrogens to maintain the endometrinm. Pregnaney tests are 
designed to deteet the presenee of hCG in a woman's blood 
or urine, usually within eight to ten days after fertilization. 



If the corpus luteum stops seereting progester- 
one and estrogens too quickly or if the plaeenta 
is too slow in starting to seerete these hormones, 
a deeline in their eoneentrations results. Such a 
deeline may detaeh the plaeenta from the uterine 
wall, causing a misearriage. 
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Table 18.2 Ghanges During Embryonie And Fetal Development 


Weeks of 

Development Ghanges 


5-8 VVeeks 


9-12 VVeeks 


13-16 VVeeks 


17-20 VVeeks 


21-25 VVeeks 
26-29 VVeeks 


30-34 VVeeks 
35-38 VVeeks 


Reeognizable huinan shape; head as large as the body; eyes far apart; upper and lovver limbs present 
vvith digits; heart possesses four ehambers; tail disappears; formed elements produced by liver; organ 
systems present in rudimentary form 

Head is half the length of the body; nails form on digits; brain enlarges; eyes nearly fully developed but 
still far apart and eyelids still fused; ears formed but lovv set; nose bridge forms; upper limbs almost fully 
lengthened; heartbeat deteetable; gender distinguishable by external genitalia; heartbeat deteetable 
but not vvith stethoseope; ossifieation begins; fetus moves but not deteetable by mother 

Body is larger than head; eyes and ears reaeh eharaeteristie positions; faeial features vvell developed; 
lips exhibit sucking movements; bones distinet; lovver limbs lengthen; kidneys vvell formed; meconium 
(fetal feees) begins to form in intestines; heartbeat deteetable by stethoseope 

Head more proportional to body; lanugo and vernix easeosa eover body; eyebrovvs, eyelashes, and 
head hair present; lovver limbs fully lengthened; brovvn fat forms for future heat production; fetus 
assumes fetal position due to limited spaee; fetal movements felt by mother 

Rapid inerease in vveight gain; skin pink and vvrinkled; surfactant formed by lungs 

Eyes open; body is lean; head and body proportional; skin still vvrinkled and pinkish; subcutaneous 
tissue begins to form; testes begin to deseend tovvards scrotum in males; red bone marrovv begins 
formed element production; organ systems continue to develop 

Skin pinkish and smoother due to subcutaneous tissue deposition; testes continue to deseend in 
males; bones still continuing to ossify; fetus assumes “head dovvn” position 

More subcutaneous tissue is deposited; skin smoother and pinkish because melanin is not produced 
until skin is exposed to light; testes loeated vvithin scrotum in males; lanugo is shed; vernix easeosa still 
present; skull bones largely ossified except at fontanelles; body larger than head 


The eoneentration of hCG in the blood rises sharply 
and peaks after approximately 10 weeks of development. 
Blood hCG levels then deeline and level off between 16 
and 20 weeks, leading to the degeneration of the eorpns 
luteum. However, by approximately twelve weeks, the 
plaeenta takes over the role of prodneing estrogens and 
progesterone, which prevents loss of the endometrinm 
when the corpus luteum degenerates. The ovaries remain 
inaetive during the remainder of the pregnaney beeanse 
the high level of progesterone in the blood snppresses 
seeretion of gonadotropin-releasing hormone (GnRH) by 
the hypothalamns, which in mrn prevents the release of 
folliele-stimnlating hormone (FSH) and Inteinizing hor- 
mone (LH) from the anterior lobe of the pimitary. 

The blood eoneentrations of estrogens and pro- 
gesterone eontinne to inerease throughout pregnaney 
(figure 18.9). Note that the level of estrogens inerease faster 
than that of progesterone. As pregnaney eontinnes, plaeen- 
tal estrogens and progesterone stimnlate development of 
the mammary glands in preparation for milk seeretion. 




eheek 



IJnderstanding 



7. What hormonal ehanges are triggered by the 
presenee of an implanted embryo? 


J 


Figure 18.9 Relative eoneentrations of human ehorionie 
gonadotropin (hCG), estrogens, and progesterone during 
pregnaney. Remember that fertilization usually occurs 
approximately 2 weeks after the beginning of the last 
menstruation. 
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18.5 Bìrth 

Learning Objeetive 

8. Deseribe the neuroendocrine positive-feedbaek 
meehanism eontrolling labor. 

During the latter stages of pregnaney, the blood eoneentra- 
tion of estrogens beeome inereasingly greater than that of 
progesterone, as noted earlier. Whereas progesterone inhib- 
its uterine eontraetions, estrogens promote them. There- 
fore, there is an inereasing tendeney toward the onset 
of nterine eontraetions as the pregnaney approaehes full 
term. These uterine eontraetions are often referred to as 
Braxwn Hieks eontraetions or 'Talse labor.'' Throughout preg- 
naney, the hormone relaxin is seereted first by the corpus 
luteum and then by the plaeenta. It helps in the develop- 
ment of blood vessels within the plaeenta, in addition to 
other eardiovasenlar ehanges that occur in the mother. 

Birth usually occurs within two weeks of the calcu- 
lated due date, which is 280 days from the beginning of the 
last menstrnation. The birth proeess is ealled partnrition 
(par-tu-rish'-un), and the events assoeiated with partnri- 
tion are eolleetively ealled labor. The fems is usually in 
a ''head down'' position at this time (figure 18.10). As the 
fetus reaehes full term, the high blood levels of estrogens 
override progesterone's inhibition of nterine eontrae- 
tions, allowing nterine eontraetions to occur. Pressure of 
the fems on the cervix stretehes the cervix, stimnlating 
a nenroendoerine positive-feedbaek meehanism that pro- 
motes nterine eontraetions. In faet, physieians sometimes 
initiate labor by breaking the amnion so that inereased 
pressnre is plaeed on the cervix. The proeess of labor ean 
be divided into three stages. 



Plaeenta 
Amniotie fluid 

Dmbilieal eord 

Amnion 

Dterine wall 
Cervix 


Figure 18.10 A full-term fetus positioned with the head 
against the cervix. 


The first stage of labor is the dilation of the cervix. 
The stretehing of the cervix triggers the formation of 
nerve impnlses that are sent to the hypothalamns. When 
these reaeh a eritieal frequency, the hypothalamns aeti- 
vates the posterior lobe of the pitnitary gland to release 
oxgtocin, inereasing its eoneentration in the blood. Oxy- 
toein stimnlates the eharaeteristie rhythmie eontraetions 
that begin at the snperior end of the uterus and move 
toward the cervix, pnshing the fetus toward the vagina, 
or birth eanal. 

The eontinned eontraetions of the uterus foree the 
fetus's head against the cervix, which resnlts in greater 
stretehing of the cervix. The inerease in eervieal streteh- 
ing causes more nerve impnlses to be sent to the hypo- 
thalamns. The hypothalamns then stimnlates the posterior 
lobe of the pimitary to release more oxytocin into the 
blood. The higher blood levels of oxytocin trigger more 
intense and frequent nterine eontraetions to occur, which 
in mrn prodnee greater eervieal stretehing. This positive- 
feedbaek meehanism will prodnee inereasingly stronger 
nterine eontraetions until birth occurs. 

Dilation of the cervix is the longest stage of labor. 
It may last from 6 to 12 hours, depending on the size 
of the fems and whether the mother has had other ehil- 
dren. During this time, the amnion mpmres (or 'Vater 
breaks'O and the cervix dilates to the size of the fems's 
head (figure 18.11). 

The seeond stage of labor is the delivery (expulsion) 
of the fems. It usually lasts less than an hour, with eon- 
traetions oeenrring every two to three minntes and last- 
ing about one minute. Onee the head is expelled, the rest 
of the body exits rather quickly. 

The third stage oflabor is the delivery of the plaeenta. 
Within 15 minntes after birth of the infant, the plaeenta 
detaehes. Continued eontraetions expel the plaeenta (the 
afterbirth). The plaeenta is eheeked earefnlly to see that all 
of it has been removed from the uterus because any resi- 
due may cause a serious uterine infeetion. Detaehment of 
the plaeenta prodnees some bleeding beeanse endometrial 
blood vessels at the plaeental site are mpmred. However, 
nterine eontraetions eompress the broken blood vessels so 
that serions bleeding is usually avoided. Subsequently, the 
uterus deereases in size rather quickly. 



About 5% of births are breeeh births in which the 
fetus is presented buttocks first. This eomplieates 
the delivery and may require delivery by Cesarean 
seetìon. In a eesarean seetion, a transverse ineision 
is madejustsuperiorto the pubic symphysisthrough 
the walls of the abdomen and uterus, through which 
the infant is extracted. 

V_!__ J 
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(a) Fetal position before labor 


(b) Dilation of the cervix 


Plaeenta 




\ 


Plaeenta 

Uterus 


Umbilical 

eord 


(e) Expulsion of the fetus 


(d) Expulsion of the plaeenta 


Figure 18.11 Stages of Labor. 


First Breath 

Immediately after birth, the infanDs nose and month are 
aspirated to remove mucus or fluid that would impair 
breathing. The nmbilieal eord is elamped and cut, separat- 
ing the infant from the plaeenta, which has served as its 
prenatal respiratory organ. As earbon dioxide inereases in 
the infanTs blood, the respiratory rhythmieity eenter in 
the mednlla oblongata is aetivated and the infanTs first 
inspiration is stimnlated. 

The first breath is diíFienlt beeanse the lungs are eol- 
lapsed. In an infant, snrfaetant in alveoli rednees snrfaee ten- 
sion, making the first breath and subsequent breathing easier. 





Premature infants born before 24 weeks of devel- 
opment seldom survive. The respiratory system of 
such an infant is not sufficiently developed, even 
with the use of synthetie surfactant, to enable rapid 
gas exchange with blood in the lungs. 

V___2 



eheek 



IJnderstanding 


8. How does an inereased level of estrogens in the 
blood eontribnte to the onset of labor? 

9. How does the nenroendoerine positive-feedbaek 
meehanism eontrol nterine eontraetions? 




18.6 Cardiovascular 
Adaptations 

Learning Objeetives 

9. Explain the fetal cardiovascular adaptations and their 
value to the fetus. 

10. Deseribe the cardiovascular ehanges that occur in 
postnatal development. 

Fetal eirenlation is quite different from adult circulation 
beeanse the digestive traet, lungs, and kidneys are not 
fnnetioning. Oxygen and nntrients are obtained from the 
maternal blood in the plaeenta, while earbon dioxide and 
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Figure 18.12 Cardiovascular Adaptations in a Fetus. 


other metabolie wastes are removed via the maternal 
blood. The pattern of fetal eirenlation is an adaptation to 
these eonditions. Birth immediately separates the infant 
from its snpply of nntrients and oxygen and stimnlates 
eardiovasenlar ehanges to aeeommodate independent liv- 
ing as an air-breathing hnman. 

Fetal Cardiovascular Adaptations 

Fignre 18.12 illnstrates the pattern of fetal eirenlation. 
Oxygenated and nutrient-rich blood is earried from the 
plaeenta to the fems by the ambilieal vein, which enters 
the fetus at the umbilicus (navel). Within the fetus, the 
umbilical vein passes toward the liver, where it divides 
into two branehes. About half of the blood earried by 
the vessel enters the liver, while the other half bypasses 
the liver by flowing throngh the ductus venosus (duk'- 
tus ven-ó'-sus) and into the inferior vena eava. Full blood 
flow through the fetal liver is not neeessary beeanse the 
fetal intestines are nonfnnetional and the mothehs liver 
removes potentially hazardons snbstanees before her 
blood enters the plaeenta. The oxygenated blood from 
the nmbilieal vein is mixed with deoxygenated blood in 
the inferior vena eava. The addition of blood from the 


ductus venosus inereases the blood pressnre within the 
inferior vena eava and the right atrium, which keeps the 
foramen ovale open. 

Most of the blood entering the right atrium of the 
fetal heart passes direetly through the foramen ovale 
(ó-vah'-lé), an opening in the interatrial sepmm, into the 
left atrium. The blood in the left atrium flows into the 
left ventriele and is pumped into the aorta for trans- 
port throughout the body. The blood that does enter 
the right ventriele is pumped through the pulmonary 
tmnk. However, most of it bypasses the lungs by flow- 
ing throngh the ductus arteriosus (duk'-tus ar-te-ré-ó'- 
sus) into the aortie areh. These two lung bypasses work 
together to provide better oxygen and nntrient deliv- 
ery to fetal tissnes by providing additional blood for 
transport to the body. However, snffieient blood flows 
throngh the pnlmonary eirenit to maintain the nonhme- 
tional lungs. 

Blood is remrned to the plaeenta by two nmbilieal 
aneries that braneh from the internal iliae arteries. Traee 
the flow of blood throngh the fetal eardiovasenlar system 
shown in figure 18.12. Table 18.3 summarizes these fetal 
cardiovascular adaptations. 
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Table 18.3 Fetal Cardiovascular Adaptations 


Structure_Function 

LJmbilieal vein Garries oxygenated and nutrient-rich blood from the plaeenta to the fetus 

Ductus venosus Garries about half of the blood in the umbilical vein into the inferior vena eava, bypassing the liver and 

mixing oxygenated and deoxygenated blood 

Foramen ovale Allovvs a large portion of the blood entering the right atrium to pass through the interatrial septum direetly 

into the left atrium, bypassing the pulmonary circuit and providing as much oxygen and as many nutrients 
as possible for body eells via the systemie circuit 


Ductus arteriosus 

Llmbilieal arteries 


Garries most blood from the pulmonary trunk direetly into the aorta, bypassing the nonfunctional lungs 
and providing more blood vvith available oxygen and nutrients for the systemie circuit 

Garry deoxygenated blood from the internal iliae arteries baek to the plaeenta 


Postnatal Cardiovascular dianges 

After the infant is breathing, ehanges are made to eonvert 
the pattern of fetal eirenlation into that of an air-breathing 
infant. This involves elosnre of the foramen ovale and the 
eonstrietion of all of the vessels used to get blood quickly 
from the umbilical vein into the aorta. 

The distal portions of nmbilieal arteries eonstriet, 
inhibiting the flow of blood to the plaeenta. Subse- 
quently, the proximal portions of the nmbilieal arteries 
persist as saperior vesieal aneries and the distal portions 
beeome medial ambilieal ligamems. Blood eontinnes to 
flow throngh the nmbilieal vein from the plaeenta to the 
newborn for about one minute, and then it eonstriets. It 
will beeome the ronnd ligamem. At the same time, the 
ductus venosus eonstriets. It will subsequently beeome 
the ligamenmm venosam in the wall of the liver. 

As the nmbilieal vein eonstriets and the pulmo- 
nary eirenlation beeomes hmetional, blood pressnre in 
the right atrium deereases, whereas blood pressure in 
the lefe atrium inereases due to inereased blood flow to 
and from the lungs. The higher blood pressnre in the 
left atrium eloses a tissue flap in the left atrium over 
the foramen ovale, separating the pnlmonary and sys- 
temie eirenits. Fusion of the tissue flap leaves a slight 




niea 


nsiqh 


Llmbilieal eord blood is rieh in blood-forming stem 
eells, which are required forthe production offormed 
elements. After delivery and after the umbilical eord 
is cut, eord blood may be eolleeted, saved, and kept 
frozen and available in ease it is needed by the ehild 
later in life. If the ehild develops leukemia later in life 
and needs a transfusion of blood-forming stem eells, 
the eord blood is available for transfusion. Because 
it is essentially a self-transfusion, rejeetion is not 
a problem. 


depression in the interatrial sepmm, ealled the fossa 
ovalis, at the site of elosnre. About the same time, the 
ductus arteriosus eonstriets and nltimately beeomes the 
ligamentam arteriosam. These eardiovasenlar ehanges are 
hmetionally eomplete within 30 minntes afeer birth, but 
it takes about one year for tissue growth to make them 
permanent (figure 18.13). 
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Figure 18.13 Cardiovascular Ghanges in a Nevvborn 
I nfa nt. 
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Check 



IJnderstanding 



10. What are the cardiovascular adaptations in a 
fetus? 

11. What cardiovascular ehanges occur in a newborn 
infant? 

V_ J 


18.7 Laetation 

Learning Objeetive 

11. Deseribe the eontrol of laetation and milk ejeetion. 

High blood levels of estrogens and progesterone dnring 
pregnaney stimnlate the development of the mammary 
glands and enlargement of the breasts in preparation for 
milk seeretion, or laetatìon (lak-tà'-shun). Although the 
mammary glands are eapable of seereting milk, the high 
levels of estrogens and progesterone inhibit the hypo- 
thalamns so that milk seeretion does not occur during 
pregnaney. 

After birth, the blood levels of estrogens and pro- 
gesterone drop dramatieally, removing the inhibitory 
effeet and enabling the hypothalamns to seerete prolaetin- 
releasing hormone (PRH). PRH aetivates the anterior lobe of 
the pimitary to seerete prolaetin, which stimnlates milk 
prodnetion. 

Prolaetin stimnlates the mammary glands to seerete 
milk, but its effeets are not evident for two to three 
days. In the meantime, the mammary glands prodnee 
eolostram (kò-los'-trum), which differs from true milk by 
eontaining higher eoneentrations of protein and essen- 
tially no fat. The high protein eontent provides an added 
boost of essential nntrients for protein synthesis, which 
is needed for the eontinned development and growth of 
the infant. 

The eontinned seeretion of both prolaetin and milk 
are maintained by meehanieal stimnlation of the nipples 
by the snekling infant. Snekling triggers the formation 
of nerve impnlses that stimnlate the hypothalamns to 
seerete PRH, which, in turn, causes continued prolaetin 
seeretion by the anterior lobe of the pitnitary. Thus, laeta- 
tion is maintained by a positive-feedbaek meehanism. 



Breast-feeding seems to provide advantages for 
the infant, including (1) better nutrition because nutri- 
ents are easier to absorb, (2) rapid bonding due to 
prolonged eontaet with the mother, (3) antibodies 
that prevent digestive inflammation and provide 
defense against pathogens, and (4) enhaneed eog- 
nitive development. 

V___ J 



Pitoein, the brand name for oxytocin, ean be 
administered intravenously to induce labor, rein- 
foree ongoing labor eontraetions, and eontrol 
postpartum bleeding and hemorrhage. The oxyto- 
ein released during breast-feeding promotes the 
uterine eontraetions needed to return the uterus to 
near its nonpregnant size. 


Milk does not simply flow from the breasts. 
Instead, it is ejeeted afeer about 30 seeonds of snekling 
by the infant. Stimnlation of the nipple by snekling 
sends nerve impnlses to the hypothalamns, which trig- 
gers the release of oxytocin by the posterior lobe of the 
pimitary. Oxytocin stimnlates eontraetion of speeialized 
epithelial eells surrounding the ducts and alveolar glands 
within the mammary glands, resnlting in milk ejeetion 
or 'detdown.'' 

Milk prodnetion may eontinne for as long as the nip- 
ple is snekled, but the volume of milk produced gradually 
deelines. If snekling is stopped, milk accumulates, the 
seeretion of prolaetin is inhibited, and milk prodnetion 
eeases in about a week. 



Check My Llnderstaneling 


12. How do hormones eontrol laetation? 



18.8 Disorders of Pregnaney, 
Prenatal Development, and 
Postnatal Development 

Learning Objeetive 

12. Identify the major disorders of pregnaney, prenatal 
development, and postnatal development. 

Pregnaney Disorders 

Eelampsìa (è-klamp'-sè-ah), or toxemia of pregnaney, 
is a disorder that occurs in two forms. Preeelampsia 
of late pregnaney is eharaeterized by inereased blood 
pressnre, edema, and proteinnria (protein in the urine). 
The cause is unknown. If unsuccessfully treated, it may 
develop into eelampsia, a far more serions disorder that 
may lead to eonvnlsions and eoma. Both infant and 
maternal mortality are high in eelampsia. Rapid termi- 
nation of the pregnaney by Gesarean seetion may be 
indieated. 
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An eetopie pregnaney is the implantation of a 
preembryo anywhere other than in the uterus. A eom- 
mon site is in a nterine tube. Treatment involves snrgieal 
removal of the embryo. 

A mìsearrìage is a spontaneons abortion. Most mis- 
earriages occur within the first twelve weeks of develop- 
ment as a result of gross abnormalities of the embryo or 
plaeenta. Another cause is the untimely transfer of the 
prodnetion of estrogens and progesterone from the eor- 
pus luteum to the plaeenta at approximately 12 weeks of 
development. 

Morning siekness is eharaeterized by nausea and 
vomiting upon getting up in the morning. It usually starts 
around the sixth week of the pregnaney and typieally 
lasts from one to six weeks. The exact cause is unknown, 
though high levels of hCG and progesterone in the blood 
are believed to play a role. About 60% of pregnant women 
experience this diseomfort. 


Prenatal and Postnatal Disorders 

Birth defeets may be inherited or may be caused by 
a variety of teratogens (ter-ah'-to-jens), environmental 
agents that prodnee physieal abnormalities during prena- 
tal development. Teratogens inelnde aleohol, illegal drugs, 
some therapeutic drugs, X-rays, and eertain diseases such 
as German measles (Rnbella). Generally, the earlier the 
embryo is exposed, the greater the defeet prodneed. 
Aleohol is the most eommon teratogen. It prodnees fetal 
aleohol sgndrome, which is eharaeterized by a small head; 
mental retardation; faeial deformities; and abnormalities of 
the heart, genitals, and limbs. 

Physiologieal Jaundice, a postnatal disorder, 
sometimes occurs in a newborn beeanse the destrnetion of 
RBGs occurs faster than the liver ean proeess the bilirnbin. 
This resnlts in excess bilirnbin in the blood. Phototherapy 
(exposure to UV light) is a eommon treatment to speed 
up bilirubin breakdown. janndiee may be a more serions 
problem in premamre infants. This type of janndiee usu- 
ally resolves onee the newborn's liver gains full hmetion. 

Infant respiratory dìstress syndrome (IRDS), 
or hgaline membrane disease, is a postnatal disorder ehar- 
aeterized by an inability to prodnee snrfaetant within the 
lungs of an infant. The laek of snrfaetant deereases the 
ability of the infant to successfully inflate its lungs during 
inspiration. IRDS is most eommon in premamre infants, 
whose lungs have not yet begun or have not eompleted 
snrfaetant prodnetion. 

Sudden ìnfant death syndrome (SIDS), or 'Trib 
death,'' is a postnatal disorder eharaeterized by the sud- 
den death of an infant with no medieal history or expla- 
nation upon antopsy. Infants are at highest risk of SIDS 
during sleep and, though its exact cause is unknown, risk 
faetors such as hypoxia while sleeping, defieits in respira- 
tory eontrol, and nieotine exposure during development 
have been identified. 


18.9 Genetìes 


Learning Objeetives 

13. Explain the roles of DNA, genes, and ehromosomes in 
inheritanee. 

14. Deseribe the basie patterns of inheritanee. 

Geneties is the study of heredity, the passing of inherited 
traits from one generation to the next. The determiners 
of hereditary traits are loeated on ehromosomes, eon- 
sisting of DNA and proteins. It is the DNA that eontrols 
inheritanee and direets eellnlar fnnetions. 

Eaeh human body eell eontains 46 ehromosomes that 
exist as 23 unique pairs. Ghromosome pairs 1 through 22 
are ealled amosomes because they eontrol most inherited 
traits except gender. Gender is determined by ehromosome 
pair 23, the sex ehromosomes. There are two types of sex 
ehromosomes, a large X ehromosome and a small Y ehro- 
mosome. Males possess one X ehromosome and one Y ehro- 
mosome (XY). Females possess two X ehromosomes (XX). 

A person's ehromosomes, inelnding the sex ehro- 
mosomes, may be examined by making a kargotgpe. The 
ehromosomes in a dividing eell are photographed dur- 
ing metaphase (see ehapter 3) and the photograph is 
enlarged. Then the ehromosomes are cut out, matehed 
in pairs, and arranged by size and loeation of the eentro- 
mere. Figure 18.14 is a karyotype of a normal male. Note 
the X and Y ehromosomes and that the ehromosomes are 
arranged in pairs. 

Sex Determination 

Reeall that gametes are formed by meiotie eell division, a 
proeess that plaees one member of eaeh ehromosome pair 



Figure 18.14 Karyotype of a human male. The only 
differenee in a female karyotype would be the presenee 
of a pair of X ehromosomes in plaee of the XY pair of 
the male. 
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present in a person's eells. If the two alleles for a trait are 
identieal, the person is homozygous for that trait; if they 
are different, the person is heterozygous for that trait. 

Gene Expression 

Eaeh person's ehromosomes eontain a unique eatalog 
of genes, the genotype for that person. The expression 
of those genes yields observable traits known as the 
phenotype. Though the phenotype is what is seen, the 
genotype is responsible for the inheritanee and expres- 
sion of those traits. 


Ratio 


1/2 Girls 1/2 Boys 


Figure 18.15 The inheritanee of sex. 


in eaeh gamete. Eaeh human gamete eontains 23 ehro- 
mosomes-22 antosomes and 1 sex ehromosome. We will 
eonsider only the sex ehromosomes here. 

Beeanse a female has two X ehromosomes in her 
eells, all of her gametes eontain an X ehromosome. A male 
has both an X ehromosome and a Y ehromosome in his 
eells. Therefore, half of his gametes are X-bearing, and 
half are Y-bearing. If a seeondary ooeyte is fertilized by 
an X-bearing sperm, the ehild will be a girl. If a seeondary 
ooeyte is fertilized by a Y-bearing sperm, the ehild will be 
a boy. Obvionsly, the probability of any zygote beeoming 
a girl (or a boy) is one-half or 50%. Figure 18.15 illustrates 
the determination of sex. 

Genes 

Reeall from ehapters 2 and 3 that DNA eonsists of a 
double strand of nneleotides that are joined by eomple- 
mentary pairing of their nitrogenons bases: adenine (A), 
thymine (T), eytosine (C), and gnanine (G). The sequence 
of these bases forms the genetie eode, which eontains 
the information for prodneing proteins that regnlate 
eellnlar hmetions and determines the inheritanee of 
genetie traits. 

A gene is a unit of inheritanee. It eonsists of a spe- 
eifie sequence of DNA that eodes for a unique molecule of 
RNA. This RNA molecule will either be direetly involved 
in the synthesis of a polypeptide or indireetly involved in 
regnlating the prodnetion of a polypeptide. Genes occur 
in a linear sequence along a ehromosome and a single 
ehromosome may eontain hnndreds of genes. 

Beeanse ehromosomes occur in pairs, genes also 
occur in pairs. An inherited trait is determined by at least 
one pair of genes. There may be two or more alternate 
forms of a gene eontrolling the expression of a partienlar 
trait. These alternate forms are ealled alleles (ah-lèlsO, and 
eaeh allele affeets the expression of a trait differently. So, in 
the simplest ease, a trait is determined by one pair of alleles 


Dominant and Reeessive inheritanee 

Some alleles are dominant, and some are reeessive. A 
dominant allele is always expressed, whereas a reeessive 
allele is expressed only when both alleles are reeessive. 

Gonsider the example of skin pigmentation. Normal 
skin pigmentation is eontrolled by a dominant allele (A). 
The absenee of pigment (albinism) is eontrolled by a 
reeessive allele (a). Note that it requires only one domi- 
nant allele to express the dominant trait but that both 
reeessive alleles must be present for the reeessive trait to 
be expressed. 

Genotype Phenotype 

AA Normal 

Ao Normal 

oo Albino 

Table 18.4 indieates a few human traits that are 
determined by dominant and reeessive alleles. 
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From 1990 to 2003, the Human Genome Projeet 
was an international researeh projeet that deter- 
mined the base sequence of more than 92% of the 
human genome and mapped the base sequences 
of known genes. This information has greatly aeeel- 
erated genetie diseoveries, such as identifying 
genes that cause human genetie disorders. Treat- 
ment regimens for treating genetie disorders have 
also advaneed through development of targeted 
drug therapies and genetie engineering. For exam- 
ple, great strides have been made in preventing or 
modulating the effeets of autoimmune disorders, 
such as type I diabetes mellitus, by transferring 
therapeutic genes into affeeted eells in miee. These 
findings have definite future human applieations. 
Human trials involving seleetive destruction of the 
autoimmune T eells that destroy beta eells within 
the panereas have also shown promising results. 
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Table 18.4 Examples of Traits Determined 
by Dominant and Reeessive Alleles 


Traits Determined 
by Dominant Alieies 

Traits Determined 
by Reeessive Alleles 

Freekles 

Absenee of freekles 

Dimples in eheeks 

Absenee of dimples 

Dark hair 

Light hair or red hair 

Full lips 

Thin lips 

Free earlobes 

Attaehed ear lobes 

No thalassemia 

Thalassemia 

Feet vvith arehes 

Flat feet 

Flyntington disease 

No Flantington disease 

Astigmatism 

No astigmatism 

Farsightedness 

No farsightedness 

Panie attaeks 

No tendeney to panie attaeks 

Extra fingers or toes 

Normal number of digits 

No eystie fibrosis 

Gystie fibrosis 

No hemophilia 

Flemophilia* 

Type A, B, or AB blood 

Type 0 blood 

Type Rh+ blood 

Type Rh— blood 

Normal eolor vision 

Red-green eolor blindness* 

No gout tendeney 

Gout* 


*X-linked trait. 


ineomplete Dominanee 

ineomplete dominanee is a type of inheritanee where 
the two alleles for a gene ean ereate three different pheno- 
types. Eaeh genotype-homozygons dominant, heterozygons, 
and homozygons reeessive-has a different phenotype. An 
example is siekle-eell disease, a eondition eharaeterized 
by defeetive hemoglobin that eannot earry adequate oxy- 
gen. Erythroeytes with the defeetive hemoglobin assume 
a eharaeteristie siekled or ereseent shape. Siekle-eell dis- 
ease occurs among people whose aneestors lived in eentral 
Afriea. About 8.3% of blaek Amerieans possess the allele for 
siekle-eell disease. 

A person who inherits both reeessive alleles for 
siekle-eell disease prodnees abnormal hemoglobin, 

leading to the formation of siekled eells that eannot earry 
snffieient oxygen. Beeanse of their shape, the siekled eells 
tend to plug eapillaries. Symptoms include pain in joints 
and the abdomen and ehronie kidney disease. 

In the heterozygons state some hemoglo- 

bin moleenles are normal but others are abnormal. Eor- 
mnately, few RBCs beeome siekled when oxygen is at 
normal levels and elinieal symptoms are absent at such 
times. However, more RBCs beeome siekled during times 
of deereased blood oxygen level, a eharaeteristie that 
allows deteetion of earriers of the siekle-eell allele. The 


heterozygote state affords some proteetive advantage 
against the pathogen eansing malaria. The homozygons 
dominant genotype prodnees the phenotype of all normal 
hemoglobin. 

Codominance 

In some traits, both alleles are expressed and affeet the 
phenotype. This type of inheritanee is referred to as 
eodominanee. An example of eodominanee ean be 
seen with the ABO blood group. There are three alleles 
involved: a dominant that causes the production of the 
A antigen; a dominant fi that causes the production of the 
B antigen; a reeessive i that has no fnnetion. If both and 
are present, both alleles are expressed. Sinee the reees- 
sive i has no fnnetion, genotype ii prodnees neither A 
nor B antigens. This is ealled type O blood, which simply 
means there are no A or B antigens. The possible geno- 
types and phenotypes for the ABO blood group are 


Genotypes 

lA/A^ lAj 

l^l^, 1^1 

lAiB 

• • 

II 


Phenotypes 

Type A blood 
Type B blood 
Type AB blood 
Type O blood 


Polygenetie inheritanee 

Many traits are eontrolled by polygenes, a number of 
different genes that may be loeated on the same or differ- 
ent ehromosomes. Eaeh gene eontribntes to the pheno- 
type, though some genes may have more inflnenee on the 
trait than others. To add to the complexity of polygenie 
inheritanee, eaeh gene involved may possess a number 
of different alleles. Environmental faetors may also exert 
inflnenee over the expression of a phenotype. For these 
reasons, it is diffienlt to prediet the inheritanee of poly- 
genie traits. Examples of traits eontrolled by polygenes 
are height, skin pigmentation, and intelligenee. 

The ABO blood group is also governed by poly- 
genes. The gene for the H antigen is found on ehromo- 
some 19. The H gene possesses two alleles: a dominant H 
that causes the production of H antigen and a reeessive 
h that is nonfnnetional. Individnals who are homozygons 
dominant (HH) or heterozygons (Hh) possess the H anti- 
gen. The /^ and fl alleles, which are loeated on ehromo- 
some 9, prodnee enzymes that add to the H antigen and 
prodnee either A or B antigens. Many people mistakenly 
eonelnde that type O blood has no antigens beeanse the 
i alleles have no fnnetion. However, most people with 
blood type O aemally have H antigens. Individnals with 
genotype hh do not prodnee the H antigen and have what 
is ealled the Bombay phenotype. These individnals will be 
Type O even if their genotype eontains the /^, f, or both 
/^ and f alleles beeanse, without the H antigen, A and B 
antigens eannot be formed. 
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X-Linked Traits 


Father 


Mother 


A few traits are determined by genes on the X ehromo- 
some. These are X-linked, or sex-linked, traits. Reeessive 
X-linked traits affeet males more frequently than females. 
Males only possess one X ehromosome. If a reeessive trait 
is earried by the X ehromosome in a male, the trait will 
be seen. Females possess two X ehromosomes. To see the 
reeessive trait, a female must possess two reeessive alleles. 
If the female possesses one dominant "'normar allele, the 
reeessive trait will not be seen. 

Red-green eolor blindness is a eommon X-linked 
reeessive trait. A eolor-blind male inherits the allele for 
eolor blindness from his mother, who provides his X ehro- 
mosome. The mother may either have normal eolor vision 
or be red-green eolor-blind (table 18.5). It is important to 
note that if the mother has normal eolor vision, she still 
possesses the allele for eolor blindness and is eonsidered a 
earrier for the eolor-blindness trait. 


Phenotype Freekled 


Freekled 


Genotype Ff 


Possible 

gametes 







Sperm 



FF 

F/ 

F/ 

ff 


Predieted 

genotypes 1/4 FF 1/2 F/ 1/4// 

of ehildren 


Table 18.5 Possible Genotypes and 
Phenotypes for Red-Green Golor Blindness, 
an X-Linked Trait 



Genotype 

Phenotype 

Females 

X 

o 

X 

o 

Normal eolor vision 


X 

o 

X 

o 

Normal eolorvision earrier 



Color-blind 

Males 

X 

O 

-< 

Normal eolor vision 


Y 

Color-blind 


e = Allele for normal eolor vision; e = Allele for eolor blindness. 


Predieting Inheritanee 

Parents often wonder about the ehanees of their ehild 
developing eertain inherited traits. This ean be predieted 
for some traits for which the inheritanee pattern has 
been determined and if the genotypes of the parents are 
known. Such predietions indieate the probability, rather 
than absolute eertainty, that a trait will be inherited. 

LeTs eonsider freekles. Freekles are determined by a 
dominant allele (F), and a nonfreekled phenotype is deter- 
mined by a reeessive allele (f). The possible genotypes and 
phenotypes are 

Genotypes Phenotypes 

FF Freekled 

Ff Freekled 

ff Nonfreekled 

Figure 18.16 shows how to determine the probability of 
the freekled or nonfreekled trait in the next generation if 
the genotypes of the parents are known. In this example, the 


Predieted 

phenotypes 3/4freckled 1/4 nonfreekled 

of ehildren 


Figure 18.16 The probability of freekles being inherited 
by ehildren of parents who are heterozygoos for freekles. 

parents are known to be heterozygous for freekles. What is 
the probability that their ehildren will be freekled? 

Because eaeh parent is heterozygous, meiotie divi- 
sion during gamete formation causes half of the gametes 
of eaeh parent to eontain an allele for freekles (F), and half 
to earry an allele for normal pigmentation (f). The union 
of sperm and seeondary ooeyte occurs at random (by 
ehanee), so we must allow for all possible eombinations of 
gametes. This is aeeomplished by using a Pannett square (a 
ehart named after Reginald Punnett, a genetieist). 

The alleles in ovum are plaeed along the horizontal 
axis, while the alleles in sperm are plaeed along the verti- 
eal axis. Next, the allele of eaeh ovum is written in the 
squares below eaeh ovum and the allele of eaeh sperm 
is written in the squares to the right of eaeh sperm. The 
Punnett square now shows all possible genotypes that 
may occur in the next generation. 

From this information, the predieted genotype ratio 
may be determined. Then, knowing that the trait for freek- 
les is dominant and that the presenee of a single dominant 
allele (F) produces freekles, the predieted phenotype ratio 
may be determined. Note in figure 18.16 that it is possible 
for two heterozygous freekled parents to have a ehild with 
normal pigmentation. However, if one parent is homozy- 
gous dominant for freekles and the other is heterozygous 
for freekles, all ehildren would be freekled. 

The inheritanee of any dominant/reeessive trait may 
be determined in a similar manner. 
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eheek 



IJnderstanding 



13. What are the relationships among ehromosomes, 
DNA, genes, and alleles? 

14. What distingnishes the dominant/reeessive pat- 
tern of inheritanee? 

15. Why are reeessive X-linked traits expressed more 
often in males than in females? 

V___ J 


18.10 Inherited Díseases 

Learning Objeetive 

15. Explain the inheritanee of the more eommon 
inherited disorders. 

Inherited, or genetie, diseases are eansed by either ehromo- 
some abnormalities or speeifie alleles. The development 
of advaneed techniques and new knowledge makes an 
understanding of genetie disease inereasingly important. 

ehremosome Abnormalities 

Some genetie diseases are related to the presenee of an 
additional ehromosome or to the absenee of a ehromo- 
some. These disorders result from errors that occur dur- 
ing meiotie eell division, causing some gametes to reeeive 
both members of a ehromosome pair while other gametes 
reeeive neither member. If such gametes are involved in 
zygote formation, a genetie disorder occurs. The genetie 
damage usually is so severe that it causes a spontaneous 
abortion. In some eases, the effeet is not lethal but disabling. 

An example of a disabling genetie disorder is Down 
syndrome, one of the more eommon genetie disorders. It 
is caused by the presenee of an extra ehromosome 21, as 
shown in figure 18.17. Down syndrome is eharaeterized by 
mental retardation, short stamre, short digits, slanted eyes, 
and a protmding tongue. A girl with Down syndrome is 
shown in figure 18.18. Infants with Down syndrome are 
born more often to mothers and fathers over 40 years of age. 

Single-Gene Disorders 

These disorders usually affeet the infanf s metabolism after 
birth, when it must depend on its own life proeesses, or 
they may appear later in life. Gonsider a few examples of 
single-gene disorders. 

Gystie fibrosis, an autosomal reeessive disorder, is the 
most eommon genetie disorder among Caucasians. It is 
caused by a missing ehloride ehannel on mucus-secreting 
eells. This causes production of thiek mucus that bloeks 
respiratory airways and leads to an early death from respi- 
ratory infeetions. 

Phenylketonaria (PKU), an autosomal reeessive disor- 
der, is due to a missing enzyme needed to metabolize 
phenylalanine (an amino aeid). Without treatment, mental 









f # 

Sex ehromosomes 


Figure 18.17 A karyotype of a male with Down 
syndrome caused by trisomy 21. 



Figure 18.18 A girl with Down syndrome. 


and physieal retardation result. A speeial diet that limits 
phenylalanine ean prevent these effeets if it is started at 
birth and continued to adulthood. 

Tay-Saehs disease, an antosomal reeessive disor- 
der, primarily affeets Jewish people of eentral European 
aneestry. An enzyme needed to metabolize a fatty sub- 
stanee assoeiated with neurons is missing. The results 
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are mental retardation, muscle weakness, seizures, and 
finally death, usually by two years of age. 

Hantington disease, an autosomal dominant disorder, 
results from one or more missing enzymes needed in eel- 
lular respiration. This causes a buildup of laetie aeid in 
neurons in the brain. IJneontrollable muscle eontraetions, 
memory loss, and personality ehanges begin between 30 
and 50 years of age. Death occurs within 15 years after 
the appearanee of symptoms. 

Hemophilia A and hemophilia B, X-linked reeessive 
disorders, result from missing elotting faetors. Prolonged 
bleeding ean be life threatening, and joints may be pain- 
fully disabled. Patients are dependent upon frequent 
transhisions of normal plasma or intravenous injeetions of 
the missing elotting faetor. 

Genetie Counseling 

Prospeetive parents who have genetie disorders in one or 
both of their families may benefit from genetie counseling. 
By eolleeting genetie information, a genetie counselor ean 
inform prospeetive parents of the probability of a genetie 
disordePs appearanee in their ehildren. Genetie informa- 
tion may be eolleeted from family histories and blood 
tests of the prospeetive parents and family members. If 
the woman is pregnant, ultrasound may be used to deteet 
gross fetal abnormalities, and fetal eells may be obtained 
for examination. Fetal eells are obtained in two ways: 
amnioeentesis and ehorionie villi sampling. 

In amnioeentesis, a hollow needle is inserted through 
the abdominal and uterine walls of the mother and 
into the amnion to draw out a sample of amniotie fluid 
(figure 18.19). Fetal eells in the sample are grown by tis- 
sue culture and are analyzed to see if there are ehromo- 
somal abnormalities. Also, the amniotie fluid is analyzed 
for the presenee of speeifie proteins that indieate serious 
neural defeets. Amnioeentesis is usually done around the 
14th week of development, when ample amniotie fluid is 
available for sampling without injury to the fems. 

In ehorionie villi sampling, a narrow mbe is inserted 
through the cervix and fetal tissue from ehorionie villi is 
suctioned out. Ghromosomes in the fetal eells are exam- 
ined for abnormalities. Ghorionie villi sampling may be 


Plaeenta 


Dtems 



Amnion 


Amniotie fluid 
Fetus 


(14 weeks of 
development) 


Figure 18.19 In amnioeentesis, a sample of amniotie 
fluid is withdrawn and the suspended fetal eells are 
examined for genetie abnormalities. 


performed at 10 weeks and ehromosome examination 
ean be done immediately. 

Both amnioeentesis and ehorionie villi sampling 
have inherent risks for mother and fetus. Fetal risks seem 
to be greater in ehorionie villi sampling. 

Fetal eells ean also be eolleeted for analysis through 
a procedure ealled fetal eell sorting. A small amount of fetal 
eells enter the mothehs blood supply during pregnaney. A 
fluorescent eell sorter ean be used to identify and separate 
out the rare fetal eells from a maternal blood sample for 
analysis. This method of fetal eell eolleetion circumvents 
the health risks assoeiated with amnioeentesis and ehori- 
onie villi sampling. Though these eonventional methods 
are still more eommonly used, fetal eell sorting is being 
used for purposes of sex determination and determination 
of fetal Rh status, in addition to the deteetion of major 
ehromosomal abnormalities and some single-gene disorders. 


ehaoter Sunnmar 


18.1 Fertilization and Early Development 

Sperm usually encounter the seeondary ooeyte in a 
nterine mbe. Only one sperm ean enter an ooeyte. 

• When a seeondary ooeyte is penetrated by a sperm, 
it nndergoes the seeond meiotie division, forming an 
ovum and a seeond polar body. Fertilization occurs with 
the flision of the sperm nucleus and ovum nucleus, 
forming a zygote. The zygote is the first stage of 
development. 


• The zygote nndergoes eleavage divisions, forming a 
momla. Continued mitotie divisions form a blastoeyst 
eontaining an embryoblast. 

• On about the seventh day of development, the blastoeyst 
beeomes implanted in the endometrium. 

18.2 Embryonie Development 

• The embryonie dise separates into the three germ layers: 
eetoderm, mesoderm, and endoderm. 
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• The trophoblast beeomes the ehorion, the first and 
most snperfieial extraembryonic membrane. The 
ehorionie villi will beeome the embryonie part of the 
plaeenta. 

• The amnion develops posterior to the embryo, envelops 
the embryo, and beeomes filled with amniotie fluid that 
serves as a shoek absorber. 

• The yolk sae develops anterior to the embryo. It 
subsequently branehes to form the allantois. Both of 
these extraembryonic membranes form the early formed 
elements for the embryo. The allantois also brings 
umbilical blood vessels to the plaeenta. 

• The plaeenta is formed of both embryonie and maternal 
tissues and is hmetional by the end of the eighth week. 

It allows the exchange of materials between embryonie 
and maternal bloods. 

• By the seventh week, the embryo exhibits a head, a 
body, limbs with digits, eyes, and ears. 

18.3 Fetal Development 

• The embryo is ealled a fems at the beginning of the 
ninth week, and it elearly resembles a human. Organ 
systems are in mdimentary form and the head is as 
large as the body. 

• Fetal development includes development of the organ 
systems to hmetional levels, an inerease in size and 
weight, ossifieation of bones, and development of 
distinguishable gender. 

18.4 Hormonal Gontrol of Pregnaney 

• Through 10 to 12 weeks of development, the trophoblast 
and ehorion produce hCG, which maintains the corpus 
luteum in the ovary. The corpus luteum produces 
progesterone and estrogens, which in mrn maintain the 
endometrium. 

• By approximately twelve weeks, the plaeenta takes 
over the production of progesterone and estrogens. 

The corpus luteum degenerates and the ovaries remain 
inaetive for the remainder of the pregnaney. 

18.5 Birth 


• Labor involves three stages: (a) dilation of the cervix, 

(b) delivery of the infant, and (e) delivery of the plaeenta. 

• After birth, an accumulation of earbon dioxide stimulates 
the respiratory rhythmieity eenter to trigger the first 
breath. Surfactant in alveoli makes breathing easier. 

18.6 Cardiovascular Adaptations 

• The pattern of fetal circulation is adapted to a life in 
which the lungs and digestive system are nonhmetional 
and nutrients and oxygen are derived from the mother’s 
blood via the plaeenta. Embryonie blood is earried to 
the plaeenta by umbilical arteries and is remrned by an 
umbilical vein. 

• Cardiovascular adaptations pass oxygenated and 
nutrient-rich blood as quickly as possible from the 
umbilical vein to the aorta to meet the needs of body 
eells. These adaptations include the ductus venosus, 
foramen ovale, and ductus arteriosus. 

• When the infant starts breathing, fetal cardiovascular 
adaptations are eliminated to enable an effieient 
separation of the pulmonary and systemie circuits. 

18.7 Laetation 

• The high blood levels of estrogens and progesterone 
during pregnaney prepare the mammary glands for 
laetation but prevent hormone stimulation of laetation 
until birth. 

• After birth, the low blood levels of progesterone and 
estrogens allow the hypothalamus to seerete PRH, which 
stimulates the anterior lobe of the pimitary to seerete 
prolaetin. Prolaetin stimulates the mammary glands to 
seerete milk. 

• Golostmm is seereted first, followed by tme milk after 
two to three days. 

• Suckling stimulates the formation of nerve impulses 
that are sent to the hypothalamus, which (a) seeretes 
PRH, ensuring the continued release of prolaetin and 
milk seeretion; and (b) stimulates the posterior lobe of 
the pituitary to seerete oxytocin, which results in milk 
ejeetion. 

18.8 Disorders of Pregnaney, Prenatal 


Relaxin from the corpus luteum and plaeenta promotes 
the growth of plaeental blood vessels, in addition to 
other cardiovascular ehanges in the mother. 

The high blood levels of estrogens in the late stage 
of pregnaney counteracts the inhibitory aetion of 
progesterone against uterine eontraetions. 

The onset of labor involves nerve impulses and oxytocin. 
Pressure of the fetus on the cervix leads to the formation 
of nerve impulses that are sent to the hypothalamus, 
which stimulates oxytocin release by the posterior 
lobe of the pimitary. Oxytocin stimulates uterine 
eontraetions, dilating the cervix, which triggers the 
formation of more nerve impulses. These interaetions 
set up a positive-feedbaek meehanism that strengthens 
eontraetions until birth. 


Development, and Postnatal 
Development 

• Pregnaney disorders include eelampsia, eetopie 
pregnaney, misearriage, and morning siekness. 

• Prenatal and postnatal disorders include birth defeets, 
physiologieal jaundice, infant respiratory distress 
syndrome, and sudden infant death syndrome. 

18.9 Geneties 

• The determiners (genes) of hereditary traits are loeated 
on ehromosomes. There are 46 ehromosomes in human 
body eells: 22 pairs of autosomes and one pair of sex 
ehromosomes. 
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• Sex ehromosomes for females are XX; for males, XY. 

• A gene is the unit of heredity. It is a portion of a DNA 
moleenle that eodes for a speeifie moleenle of RNA. The 
RNA moleenle is either direetly or indireetly involved in 
the prodnetion of a polypeptide. 

• Alternate forms of a gene are ealled alleles. A person with 
identieal alleles for a trait is homozygons for that trait. 

If the alleles are different, the person is heterozygons. 

• The genotype is the alleles present for a gene 
determining a trait. The phenotype is the observable 
eharaeteristies determined by the genotype. 

• Many genes have only two alleles whose expression 
is either by dominant/reeessive inheritanee or by 
ineomplete dominanee. Some traits are determined by 


eodominanee and others are determined by polygenetie 
inheritanee. 

• XTinked traits are determined by genes loeated on the 
X ehromosome. 

• The probability of transmitting traits to the next 
generation may be predieted using a Pnnnett square. 

18.10 Inherited Diseases 

• Genetie diseases may result from either ehromosomal 
abnormalities or defeetive alleles. 

• Prospeetive parents who have genetie diseases in 
their family histories may benefit from genetie 
eonnseling. 


Self-Review 


Answers are loeated in appendix B. 

1. UsuaIIy a sperm meets a seeondary ooeyte in the_. 

2. Fusion of sperm nucleus and ovum nucleus is ealled_. 

3. A_is implanted in the endometrium on about the 

_day of development. 

4. Seeretion of_by the trophoblast and ehorion 

maintains the_, which in mrn eontinnes to seerete 

estrogens and_. 

5. The embryonie dise forms the three_that subse- 

quently form all other tissnes of the embryo and fetus. 

6. The_eontains fluid in which the embryo develops, 

and the ehorionie villi beeome the embryonie part of 
the_. 

7. At the beginning of the_week of development, 

the developing offspring is ealled a_and it elearly 

has the feamres of a human. 

8. The first and longest stage of_is the dilation of 

the cervix, which resnlts from nterine eontraetions 
stimnlated by the hormone_. 


9. In a fems, the_enables blood to pass from the 

right atrium into the left atrium, while the_passes 

blood from the puImonary tmnk into the aorta. 

10. Laetation begins after_from the hypothalamns 

stimnlates seeretion of_by the anterior lobe of the 

pitnitary gland. 

11. The units of inheritanee are_, which are small 

segments of_that make up ehromosomes. 

12. Humans possess_ehromosomes in their eells, and 

a person possessing two X ehromosomes is a_. 

13. X-Iinked reeessive traits occur more often in_. 

14. In dominant/reeessive inheritanee, a reeessive allele 

is expressed only when the person is_for the 

reeessive trait. 

15. It is possible to prediet the_of a trait appearing in 

ehildren if the genotypes of parents are known. 


Gritieal Thinkin 


1. Is it possible for a ehild with type O blood to be born to parents with type O blood and type AB blood? Why or why not? 

2. Deseribe the varions roles of the plaeenta during pregnaney. 

3. Explain why a misearriage is likely if the plaeenta is too sIow to take over its hormone-prodneing role. 

4. DNA analysis ean determine if a person's genome eontains any of the known defeetive genes. At present, there are no cures or 
effeetive treatments for most of the disorders caused by these genes. WouId you like to know if you possess defeetive genes? 
Explain. 
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STUDY GUIDE 



1. Anatomy and Physiology 

Write the terms that mateh the phrases in the spaees at the right 
1) The study of eells _ 


2) The study of body organization and strnemre 

3) The smdy of body fnnetions 


2. Levels of Organization 

a. List the levels of organization from the most complex to the simplest 


e 


1 ) 

2 ) 

3) 


4) 

5) 

6 ) 


b. Write the terms that mateh the phrases in the spaees at the right 
1) A eoordinated group of organs. _ 


2) Stmemral and fnnetional units of the body. _ 

3) An aggregation of similar eells. _ 

Mateh the names of the organ systems with the phrases 


Lymphoid 

Muscular 

Nervous 


Reproductive, female 


Cardiovascular 
Digestive 
Endoerine 
Integnmentary 

1) Stomaeh, liver, intestines. 

2) Brain, spinal eord, nerves. 

3) Seeretes hormones. 

4) Skin, hair, nails. 

5) Remrns lymph to blood; provides immnnity 

6) Bones, ligaments, eartilages. 

7) Gontraetion enables movement. 

8) Transports materials to and from eells. 

9) Kidneys, nreters, nrinary bladder. 

10) Testes, penis, prostate gland. 

11) Ovaries, nterine mbes, uterus, vagina. 

12) Blood, heart, arteries, veins. 

13) Snpports the body. 

14) Seeretes hormones that regnlate fnnetions. 

15) Regnlates volume of body fluids. 

16) Proteets underlying tissnes. 

17) Rapid eoordination of body fnnetions. 

18) Digests food and absorbs nntrients. 


Reprodnetive, male 
Respiratory 
Skeletal 
IJrinary 
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19) Gas exchange between air and blood. 

20) Larynx, traehea, bronehi, and Inngs. 

3. Direetional Terms 


Provide the term that eorreetly eompletes eaeh statement. 


1) The head is 

to the neek. 

2) The hand is 

to the wrist. 

3) The skin is 

to the mnseles. 

4) The mouth is 

to the nose. 

5) The elbow is 

to the wrist. 


6) The ear is on the_snrfaee of the head. 

7) The nmbiliens is on the_body snrfaee. 

8) The hip is on the_body snrfaee. 

9) The bnttoeks are on the_body snrfaee. 

4. Body Regions 


Label the body regions by plaeing the nnmber of the label line in the spaee by the eorreet label 

Abdominal 


2 


3 


4 


7 - 


5 

6 


8 

9 


10 



Abdominopelvie 

Antebraehial 

Anteenbital 

Axillary 

Braehial 

Garpal 

Gephalie 

Gervieal 

Coxal 

Granial 

Crural 

Digital 

Faeial 

Genital 

lnguinal 

Palmar 

Patellar 

Peetoral 

Pedal 

Pelvie 

Sternal 

Tarsal 


10 
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Braehial 

Dorsum 

Femoral 

Gluteal 

Lumbar 

Oleeranal 

Plantar 

Perineal 

Popliteal 

Saeral 

Sural 

Vertebral 


5. Body Planes and Seetions 

Name the planes that mateh the statements. 

1) Divides the body into equal left and right halves. 

2) Divides the body into snperior and inferior portions. 

3) Divides the body into left and right portions. 

4) Divides the body into anterior and posterior portions. 

5) Any cut along the longimdinal axis of a strnemre. 

6) Any cut at a 90° angle to the longimdinal axis 
of a stmemre. 

7) A cut between the longitndinal axis and a 90° 
angle of a stmemre. 
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6. Body Cavities 



Label the body eavities and related strnemres by plaeing the nnmber of the label line in the spaee by the 
eorreet label. 



Gavities 

_Abdominal 

_Granial 

_Pelvie 

_Perieardial 

_Plenral 

_Vertebral 

Structure 

_Diaphragm 



-6 



-10 


Gavities 

_Abdominal 

_Abdominopelvie 

_eranial 

_Dorsal 

_Pelvie 

_Perieardial 

_Plenral 

_Vertebral eanal 

_Thoraeie 

_Ventral 

Structure 

_Diaphragm 
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b. Plaee the number of the eavity in which the organ occurs in the spaee by the organ. 


1) Abdominal 

3) Pelvie 

5) Thoraeie, lateral parts 

2) Granial 

4) Vertebral eanal 

6) Thoraeie, mediastinnm 

Brain 

Kidnevs 

Spinal eord 

Gallbladder 

Liver 

Thvmus 

Heart 

Lunss 

IJrinarv bladder 

Intestine, small 

Panereas 

Reemm 


e. Write the names of the membranes that mateh the statements in the spaees at the right. 

1) Govers the snrfaee of the heart. _ 

2) Govers the snrfaee of the stomaeh. _ 

3) Lines the abdominal eavity. _ 

4) Govers the brain. _ 

5) Lines the thoraeie eavity. _ 

6) Lines the vertebral eanal. _ 

7) Govers the snrfaee of the lungs. _ 

8) Forms double-membrane sae around heart. _ 

9) Double-layered membranes snpporting 

abdominal organs. _ 

7. Abdominopelvie Subdivisions 

Seleet the abdominopelvie quadrant and abdominopelvie region in which the following strnemres are loeated. 


Quadrants 

Regìons 


1. Right upper 

5. Epigastrie 

10. Right hypoehondriae 

2. Left upper 

6. Hypogastrie 

11. Right ingninal 

3. Right lower 

7. Left hypoehondriae 

12. Right flank 

4. Left lower 

8. Left ingninal 

13. IJmbilieal 


9. Lefe flank 


Gallbladder 

Stomaeh 


Spleen 

Aseendins eolon 


Reemm 

IJrinarv bladder 


Risht kidnev 

Left kidnev 


Appendix 

Panereas 



8. Maintenanee of Life 

Write the terms that mateh the statements in the spaees at the right. 

1) Maintenanee of a dynamie balanee of snbstanees 

in body fluids. _ 

2) Breakdown of complex snbstanees. _ 

3) Synthesis of complex snbstanees. _ 

4) Meehanism regnlating homeostasis. _ 
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5) Sum of the ehemieal reaetions that occur in the body. 

6) List the five basie needs essential for human life. 


7) Gomponents of a negative-feedbaek meehanism. 


9. eiinieal Insights 



a. A patient eomplains of pain in the epigastrie region. What organs may be involved? 


b. A patient eomplains of pain in the right lower quadrant. What organs may be involved? 


e. How is homeostasis related to health and disease? 


















STNDY GUIDE 


1. Atoms and Elements 

a. Write the terms that mateh the phrases in the spaees at the right. 

1) Smallest unit of an element. _ 

2) Positively eharged subatomic partiele. _ 

3) Negatively eharged subatomic partiele. _ 

4) Subatomic partiele with no eharge. _ 

5) Snbstanee that eannot be broken down into any 

simpler snbstanee. _ 

6) Atoms of the same element, with different 

nnmbers of nentrons. _ 

7) Most abnndant element in the body. _ 

b. Label the atom shown by plaeing the letter of the eomponent in the spaee by the label, then provide the 
responses to the phrases below. 

1) Nonvalenee eleetrons 

2) Nucleus 

3) Valenee eleetron(s) 



4) Atomie number of this atom. 

5) Atomie mass of this atom. 

6) Number of eleetrons needed to eomplete its 
outer shell. 

7) Type of ehemieal bond that is likely to join 
this atom to another atom. 

8) Symbol of this atom. 

e. Diagram an atom of these elements. 

Oxygen Nitrogen 
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2. Molecules and Compounds 

a. Write the terms that mateh the phrases in the spaees at the right. 

1) Snbstanee eomposed of two or more atoms from 

of the same element. _ 

2) Snbstanee eomposed of atoms from two or more 

different elements. _ 

3) Nnmber of ehlorine atoms in Gad^. _ 

4) ehemieal bond resnlting from the donation of 

eleetron(s) from one atom to another. _ 

5) ehemieal bond resnlting from the sharing 

of valenee eleetrons by two atoms. _ 

6) An atom with a net eleetrieal eharge. _ 

7) The attraetive foree between a slightly positive 

H atom and a slightly negative O atom. _ 

8) ehemieal bonds forming organie moleenles. _ 

9) Eleetrons in the onter shell. _ 

b. indieate the kinds and nnmbers of atoms in a glneose moleenle (e^Hi^O^). 

Kìnds of Atoms Nnmbers of Atoms 


e. Identify the pH valnes as aeid (A) or base (B). Girele the pH with the highest eoneentration of H^. 

_pH 2.8 _pH 6.8 _pH 7.4 _pH 9.5 _pH 3.7 

d. Answer the foIIowing questions. 

1) What type of ehemieal reaetion forms new bonds?_ 

2) What type of ehemieal reaetion results in more numerous, smaller moIecuIes?_ 

3) What type of ehemieal reaetion ean proeeed in two different direetions?_ 

3. Compounds Composingthe Human Body 

a. Identify the foIIowing eomponnds as either organie (O) or inorganie (I). 

_NaCl _Lipids _GaPO^ 

_Nneleie aeids _Salts _e^Hi^O^ 

_Proteins _Most aeids _GH^ 

_Most bases _Garbohydrates _GO^ 

_Amino aeids _Steroids Monosaeeharides 

_Fatty aeids _Glyeerol _Nneleotides 

b. Write the terms that mateh the phrases in the spaees at the right. 

1) Most abnndant eomponnd in the body _ 

2) Snbstanees dissolved in a Iiquid. _ 

3) A compound that releases H^. _ 

4) Splitting of ionie eomponnds into ions. _ 
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5) A measure of the eoneentration in a solmion. _ 

6) ehemieals that keep the pH of a solmion 

relatively eonstant. _ 

7) eiass of compounds formed of many simple 

sugars joined together. _ 

8) Type of reaetion that joins two glneose 

moleenles to form maltose. _ 

9) Storage form of earbohydrates in the body. _ 

10) Gomposed of three fatty aeids and one glyeerol. _ 

11) Gomposed of two fatty aeids and a phosphate- 

eontaining group joined to one glyeerol. _ 

12) Type of fat whose fatty aeids eontain no 

earbon-earbon double bonds. _ 

13) Compound used to store excess energy reserves. _ 

14) eiass of lipids that inelndes sex hormones. _ 

15) eiass of eomponnds formed of 50 to thonsands 

of amino aeids. _ 

16) ehemieal bonds that determine the 

three-dimensional shape of proteins. _ 

17) Bonds joining amino aeids together in proteins. _ 

18) A single-stranded nneleie aeid that is involved 

in protein synthesis. _ 

19) Bnilding units of nneleie aeids. _ 

20) Steroid that tends to plug arteries when 

in excess. _ 

21) Sugar in DNA moleenles. _ 

22) Primary earbohydrate fuel for eells. _ 

23) Building units of proteins. _ 

24) Water eompartment eontaining about 65% of 

the water in the body. _ 

25) Moleenle releasing energy to power ehemieal 

reaetions within eells. _ 

26) Double-stranded nneleie aeid. _ 

27) Moleenles eatalyzing ehemieal reaetions in eells. _ 

28) Type of reaetion breaking a large moleenle 

into smaller moleenles. _ 

29) Moleenle eontrolling protein synthesis in eells. _ 

30) Element whose atoms form the baekbone of 

organie moleenles. _ 

e. Mateh the four elasses of organie eomponnds with the listed snbstanees. 


1) Garbohydrates 

2) Lipids 

3) Proteins 

4) Nneleie aeids 

Amino aeids 


Nneleotides 

Enzvmes 

Steroids 


Monosaeeharides 

RNA 

Glveosen 


Triglyeerides 

DNA 

eholesterol 


Stareh 

Eattv aeie 
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Label the parts of the small portion of an RNA moleenle shown and draw a line aronnd one nneleotide 


Nitrogen bases 


Ribose sngars 


Phosphate gronps 



e. Show the interaetion of ADP, ATP, Pi, and energy in the formation and breakdown of ATP by plaeing the 
nnmbers of the responses in the eorreet spaees provided. 

1) ADP 3) Energy from nntrient moleenles + 

2) ATP 4) Energy released for eellnlar proeesses + 






f Explain the importanee of the shape of an enzyme. 


g. How does a ehange in pH ehange the shape of and inaetivate an enzyme? 


4. eiinieal Insights 



a. Why does a diet high in samrated fats inerease the risk of eoronary heart disease? 


b. A patient in a eoma is bronght to the emergeney room. A blood test shows that he has severe hypoglyeemia 
(abnormally low blood glneose) and aeidosis. Treatment is begnn immediately to inerease both blood glneose 
and pH. 

1) Why is a normal level of blood glneose important?_ 


2) Why is severe aeidosis a problem? 
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1. Cell Structure 


a. Label the diagram of the eell by plaeing the nnmbers of the strnemres by the labels listed. 


Gentrioles 

Gilia 

Gytoplasm 
Golgi complex 
Lysosome 
Mierofilament 


Mierombnle 
Mierovilli 
Mitoehondrion 
Nnelear envelope 
Nneleolns 
Plasma membrane 


Rongh endoplasmie retienlnm 

Ribosomes 

Seeretory vesiele 

Smooth endoplasmie retienlnm 



b. Write the terms that mateh the phrases in the spaees at the right. 

1) Endoplasmie retienlnm with ribosomes. _ 

2) Forms eytoskeleton (two answers). _ 

3) Paekages materials for export from eell. _ 

4) Sites of protein synthesis, eomposed of rRNA. _ 

5) Gomposed of DNA and protein. _ 

6) intrannelear site of RNA synthesis. _ 

7) Site of anaerobie respiration. _ 

8) Gontrols movement of materials between 

nnelens and eytoplasm. _ 

















































9) Endoplasmie reticulum without ribosomes. 

10) Vesieles of digestive enzymes. 

11) Provides motility for sperm. 

12) Short eylinders formed of microtubules. 

13) Semifluid material around organelles. 

14) Short, hairlike projeetions that move snbstanees 
aeross eell snrfaees. 

15) Gontrols movement of materials into and out of 
the eell. 

16) Sites of aerobie respiration. 

17) Gontains ehromosomes. 

18) Forms ehannels for material transport in the 
eytoplasm. 

19) Moleenle determining inheritanee. 

20) Organelle eontrolling eell fnnetions. 

2. Transport Aeross Plasma Membranes 

a. Mateh the terms and phrases. More than one answer may apply. 

Diffnsion Osmosis Phagoeytosis 

1) Passive movement of water aeross the seleetively 
permeable membrane. 

2) A proeess that uses the plasma membrane to engulf 
large partieles. 

3) A proeess that uses the plasma membrane to engulf 
liquid droplets. 

4) Movement of moleenles from an area of higher 
eoneentration to an area of lower eoneentration. 

5) Resnlts from random motion of snbstanees. 

b. Identify the transport proeesses as either aetive (A) or passive (P). 

_By ehannel proteins _Osmosis 

_Diffnsion _Pinoeytosis 

_Phagoeytosis _Exocytosis 

e. Write the missing words in the spaees at the right. 

1) A eell does not ehange in size afeer it is plaeed in 

a(n)_solntion. 

2) A eell will inerease in size after it is plaeed in 

a(n)_solntion. 

3) A eell will deerease in size after it is plaeed in 

a(n)_solntion. 
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4) lons move aeross the plasma membrane from an 
area of higher eoneentration to an area of lower 

eoneentration by the proeess of_. _ 

5) Sodinm and potassinm ions move aeross the plasma 
membrane in a direetion opposite to the eoneentration 

gradient by the proeess of_. _ 

6) Oxygen and earbon dioxide move aeross the plasma 

membrane by the proeess of_. _ 

3. Cellular Respiration 

a. Write the snmmary equation for the cellular respiration of glneose in the blank spaee provided. Words may 
be used instead of ehemieal formnlas. 


b. Provide the term that eorreetly eompletes eaeh statement. 

1) List the prodnets of eellnlar respiration. _ 

2) The primary source of energy eapmred in ATP._ 

e. Explain why eellnlar respiration is a continuous proeess._ 


4. Protein Synthesis 

Provide the term that eorreetly eompletes eaeh statement. 

1) The genetie eode eonsists of the sequence of 

bases in_moleenles. _ 

2) The genetie eode is transeribed to the sequence 

of bases in_moleenles. _ 

3) Moleenle that earries instrnetions for protein 

synthesis to ribosomes. _ 

4) Moleenle that earries amino aeids to ribosome 

for addition to amino aeid ehain. _ 

5) Small moleenles that join to form a protein 

during translation. _ 

5. Cell Division 

a. indieate the type of eell division deseribed by the statements. 

1) Provides new eells for growth and repair. _ 

2) Forms sperm and ova. _ 

3) Danghter eells have the same ehromosome number 

and eomposition as the parent eell. _ 

4) Danghter eells have half the number of 

ehromosomes as the parent eell. _ 




























ehapter 3 Smdy Guide 435 


b. Seleet the phase of the eell eyele deseribed by the statements. 

Interphase Prophase Metaphase Anaphase Telophase 

1) Division of the eytoplasm. _ 

2) Replieation of ehromosomes. _ 

3) ehromosomes appear as threadlike bodies. _ 

4) ehromatids move toward ends of spindle. _ 

5) New nuclei start to form. _ 

6) Occupies most of eell eyele. _ 

7) ehromosomes line up at equator of spindle. _ 

8) Cell performs its normal hmetions. _ 

e. Human body eells have 46 ehromosomes. How many ehromosomes are in daughter eells formed by mitotie 

eell division?_ 

d. Plaee the numbers (1-5) of the eell parts in the spaees by the eorreet label and write the names of the 
mitotie phases (6-9) in the spaees provide. 

_Gentrioles _Ghromosome _Spindle fiber 

Gentromere Ghromatid 



6. eiinieal Insights 



a. When you drink a glass of water, how does the water enter the blood?_ 

Why does this occur?_ 

b. Explain why a ehemotherapy drug that disrupts formation of spindle fibers kills cancerous eells. 
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1. Basie Tissues 

Seleet the tissues deseribed by the statements. 

Epithelial Gonneetive Muscle Nervous 

1) Adapted for eontraetion. _ 

2) Gontains seattered eells within a matrix. _ 

3) Sheets of elosely paeked eells. _ 

4) Gomposed of neurons and neuroglia. _ 

5) Produces heat. _ 

6) Supports and binds together other tissues. _ 

7) Lines body eavities and eovers organs. _ 

8) Forms and conducts eleetrieal impulses. _ 

9) Functions in absorption and seeretion. _ 


2. Epithelial Tissues 

a. Plaee the ntimber of eaeh strtiettire (1-5) in the spaee by the eorreet label and write the names of the tissties 
in the spaees provided (6-10) 



9) - 10) 
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b. Write the number of the appropriate tissue deseribed in the spaee provided. 

1) Simple squamous 5) Stratified keratinized squamous 

2) Simple cuboidal 6) Stratified nonkeratinized squamous 

3) Simple columnar 7) Transitional 

4) Psendostratified eiliated eolnmnar 


Forms seeretory portion of glands. 

Lines internal snrfaees of blood vessels. 

Lines internal snrfaees of stomaeh and intestines. 
Lines snperior respiratory passages. 

Forms kidney tubules. 


Forms superficial layer of skin. 

Lines internal snrfaees of nrinary traet. 
Lines mouth and vagina. 

Gontain goblet eells. (2 answers) 

Forms air saes of lungs. 


Loose and Dense Connective Tissoes 


a. Plaee the number of eaeh structure (1-6) in the spaee by the eorreet label and write the names of the tissnes 
in the spaees provided (7, 8). 

Gollagen fiber 
Elastie fiber 

Fat droplet in adipoeyte 
Nucleus of fibroblast 
Ground snbstanee of matrix 
Nucleus of adipoeyte 


3- 

4 


8 )_ 

b. In eaeh of the spaees provided, write the number of the eonneetive tissue deseribed by the statement. 

1) Areolar 4) Dense regnlar 

2) Adipose 5) Dense irregnlar 

3) Retienlar 6) Elastie 




7) 


Storage area for fat. 

Binds skin to mnseles (2 answers). 

Forms ligaments and tendons. 

In walls of arteries. 

Snpporting framework for internal organs. 
Aets as filter in lymph nodes. 


Maintain liver and spleen strnemre. 
Insnlates body. 

Tightly paeked, parallel eollagen fibers. 
Enables expansion and reeoil of lungs. 
Proteetive enshion for internal organs. 
Deep layer of skin. 
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4. Speeial Connective Tissues 

a. Plaee the number of eaeh structure (1-7) in the spaee by the eorreet label and write the names of the tissnes 


in the spaees provided (8-10). 

_Canaliculi 

_ehondroeyte in a lacuna 

_Elastie fibers 

Gentral eanal 



8 ) 


Lamellae 

Nonfibrons matrix 
Osteoeyte in a lacuna 



9) 



b. In eaeh of the spaees provided, write the number of the eonneetive tissue deseribed by the statement. 
1) Elastie eartilage 2) Fibroeartilage 3) Hyaline eartilage 

4) Bone 5) Blood 


Forms intervertebral dises. _Has a smooth, glassy matrix. 

Forms epiglottis. _Has fibers that impart elastieity. 

Forms embryonie bones. _Has a hard, rigid matrix. 

Has a liquid matrix. _Has dense eollagen fibers to resist strong pressnres. 
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5. Muscle Tissues 



Plaee the number of eaeh structure (1-3) in the spaee by the eorreet label and write the names of the 
muscle tissues in the spaees provided (4-6). 



interealated dise 

Nucleus 

Striations 



3 

2 



mitH 


1 



b. In eaeh of the spaees provided, write the number of the muscle tissue(s) deseribed by the statement. 


1) Gardiae 

2) Skeletal 

3) Smooth 

Voluntarv 


Slow eontraetions 

Involnntarv (2 answers) 


Rapid eontraetions 

In walls of intestine 


In walls of heart 


6. Nervous Tissue 

a. indieate whether eaeh statement is true (T) or false (F). 

_Nerve eells are ealled neuroglia. _Neurons generate and transmit nerve impnlses. 

_The nucleus of a neuron is loeated in _Snpporting eells in nervons tissue are 

the eell body. fibroblasts. 
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Write the name of the eell in the spaee below the fignre and plaee the nnmber of eaeh strnetnre in the 
spaee by the eorreet label. 



Axon 
Cell body 
Dendrites 
Nnelens 


7. Body Membranes 

In eaeh of the spaees provided, write the nnmber of the membrane identified by the statement. 

1) Cutaneous membrane 4) Periehondrinm 6) Serous membranes 

2) Meninges 5) Periostenm 7) Synovial membranes 

3) Mucous membranes 


Line the abdominal eavity and eover most 
abdominal organs. 

Proteetive eovering of the brain and 
spinal eord. 

eovers the entire body. 

Epithelial membranes. (3 answers) 
eovers the snrfaees of eartilage. 


Line tubes and eavities that open to the 
external environment. 

Line eavities of freely movable joints. 
eovers snrfaees of bones. 

Seerete a watery fluid to reduce frietions. 
(2 answers) 

Seeretions help to trap foreign partieles 
and pathogens. 


8. eiinieal Insights 



a. Most eaneers are eareinomas. How do you explain this? 


b. Judy tore a knee eartilage on a skiing vaeation. Can she expect a rapid reeovery? 


Explain. 




































STUDY GUIDE 

1. Functions of the Skin 

List six functions of the integumentary system. 

1 )_ 

2 )_ 

3) _ 

4) _ 

5) _ 

6 ) _ 

2. Structure of the Skin and Hypodermis 

Seleet the strnemre deseribed by eaeh statement. 

Dermis Epidermis Stramm basale Stramm eornenm Subcutaneous tissue 

1) Gontains abnndant adipose tissue. _ 

2) Deep layer of the epidermis. _ 

3) Gomposed of stratified squamous epithelium. _ 

4) Gontains eollagen and elastie fibers. _ 

5) Attaehes skin to deeper tissnes. _ 

6) Skin layer laeking blood vessels. _ 

7) Snperfieial layer of the epidermis. _ 

8) Gomposed primarily of keratinoeytes. _ 

9) Forms new epidermal eells. _ 

10) Formed of dead keratinized eells. _ 

11) Provides insnlation for the body. _ 

12) Provides strength and elastieity of skin. _ 

13) Deep layer of the skin. _ 

14) Snperfieial eells are continuously sloughed off _ 

15) Formed of areolar and dense irregnlar eonneetive tissnes. _ 

3. Skin Color 

a. Provide the term deseribed by eaeh statement. 

1) Three pigments that determine skin eolor. 

indieate the eolor of eaeh pigment. _ 



2) Proteets against UV radiation. 

3) Gells prodneing melanin. 

4) inereases melanin prodnetion. 

5) Used to prodnee vitamin A 
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b. Explain why a snmmer tan is only temporary. 


4. Diagram of the Skin 



Label the diagram. 



Papillary layer 
Hair root plexus 
Arreetor pili muscle 
Blood vessels 
Gapillary 
Dermis 

Eeerine sweat gland 
Epidermis 
Hair folliele 
Hair shaft 

Lamellated eorpnsele 
Sebaeeons gland 
Taetile eorpnsele 
Hair root 

Subcutaneous tissue 
Eeerine sweat gland duct 
Eeerine sweat gland pore 
Dermal papillae 
Retienlar layer 
Hair bulb 



5. Aeeessory Structures 

Provide the term that matehes eaeh statement. 

1) Epidermal extension surrounding hair root. 

2) Gland prodneing sebum. 

3) Muscle raising hair off skin snrfaee. 

4) Gland prodneing pheromones. 

5) Gland prodneing eernmen. 

6) Sweat gland opening into hair folliele. 






























































7) Sweat gland prodneing watery perspiration. 

8) Tongh, fibrons protein fonnd in epidermis, hair and nails. 

9) Basie fnnetion of hair and nails. 

10) Seeretion used to deerease body temperamre. 

11) Oily seeretion that helps keep skin sofe. 

12) Waxy seeretion found in external aeonstie meams. 

13) Normal eolor of nail beds. 


6. Temperature Regulation 

Provide the missing words in the paragraphs below. 
Humans have an average healthy body temperamre of 


1 


e, or 


2 


F. The heat that maintains body 


3 


reaetions. 


temperamre is generated as a result of — 
espeeially in aetive organs like the liver and skeletal 


4 


. Overall regnlation of body temperamre is 


5 


, and the 


6 


eontrolled by the — 
role in eonserving and dissipating heat. 


plays a key 


When body temperamre falls below normal, the flow 


of 


7 


to the skin is deereased, which deereases 


heat loss from the skin snrfaee. 


8 


are not 


aetivated, so heat is not 


9 


throngh sweat 


evaporation. Shivering inereases eellnlar respiration 
in skeletal mnseles, which generates more —— 


When body temperamre rises above normal, blood 


flow to the skin is 


11 


, which inereases heat loss 


from the skin snrfaee. If body temperamre beeomes 


extremely high. 


12 


are aetivated and begin to 


seerete 


13 


onto the snrfaee of the skin. The 


14 


of sweat aids in the removal of excess 


15 


16 


A person with a body temperamre less than _ 
snffers from hypothermia. A body temperamre over 


F 


17 


F indieates hyperthermia. 


1 ) 

2 ) 

3) 

4) 

5) 

6 ) 


7) 

8 ) 

9) 

10 ) 


11 ) 

12 ) 

13) 

14) 

15) 


16) 

17) 


7. Aging of the Skin 

indieate whether eaeh statement is tme (T) or false (F). 

_An infanTs skin is thinner than an adulTs. 

_A deerease in melanin prodnetion ofeen occurs in the elderly. 

_Wrinkled skin resnlts from an excess of aetive elastie fibers. 

_UV radiation aeeelerates the aging of the skin. 

_Excess subcutaneous fat inereases sensitivity to temperamre ehanges. 
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8. Disorders of the Skin 


Write the name of the disorder deseribed by eaeh statement. 

1) Resnlts from a ehronie defieieney of blood eirenlation 
to the dermis and subcutaneous tissue. 

2) Ganeer of the melanoeytes. 

3) Numerous red, itehy bumps resulting from an 
allergie reaetion. 

4) Parasitie inseets that feed off human blood. 

5) Pigmented growth caused by growing elnsters of 
melanoeytes. 

6) A burn that destroys all of the dermis. 

7) Loss of hair as in male pattern baldness. 

8) Thiekened areas of skin on hands and feet. 

9) Inflammation eansing red, itehing, sealing skin; 
may involve sebaeeons glands. 

10) Contagious infeetion in which pustules rupture 
and form a yellow crust. 

11) Reddish, raised sealy patehes on sealp, knees, 
or elbows. 

12) Gondition caused by excessive shedding of 
epidermal eells of the sealp. 

13) Blisters on lips caused by Herpes simplex. 

14) itehing, flaking skin between toes due to a hmgal 
infeetion. 

15) Baeterial infeetion of a hair folliele, sebaeeons gland, 
and surrounding tissnes. 

16) Fluid-filled poekets formed when the epidermis 
separates from the dermis. 


9. eiinieal Insights 



a. Name two major elinieal problems expected in a patient with third-degree burns. 


b. 


Subcutaneous injeetions of medieations are frequently used. Why is the subcutaneous tissue espeeially good 
for rapid absorption of medieations?_ 
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1. Functions of the Skeletal System 

List five functions of the skeletal system. 

1) _ 3)_ 5) 

2) _ 4)_ 


2. Bone Structure 



Label the diagram by plaeing the number of eaeh structure by the eorreet label (some structures might 
mateh with more than one number). 






Articular eartilage 
Bone, eompaet 
Bone, spongy 
Diaphysis 
Endostenm 
Epiphysial lines 
Epiphysis 
Mednllary eavity 
Blood vessel in 
nntrient foramen 
Periostenm 


b. Mateh the terms with the statements. 

1) Endostenm 4) Red bone marrow 

2) Epiphysial plate 5) Yellow bone marrow 

3) Periostenm 

_Fills spaees in some spongy bone. 

_Hyaline eartilage. 

_Govers snrfaee of bone. 

_Fills mednllary eavity. 

_Govers mednllary eavity. 


3. Mieroseopie Structure 


Mateh the terms with the statements. 


1) Laennae 

2) Lamellae 

3) Osteon 


4) Gentral eanals 

5) Periostenm 

6) Between trabeenlae 


ehannels for blood vessels and nerves. 
Spaees eontaining osteoeytes. 
Goneentrie layers of eompaet bone. 
Source of osteoblasts. 

Structural unit of eompaet bone. 
Spaees eontaining red bone marrow. 
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4. Bone Formation 

Write the answers to the statements in the spaees provided. 

1) Gells that deposit bone matrix. 

2) Gells that remove bone matrix. 

3) Gells that oeenpy the laennae. 

4) Site of growth in length of long bones. 

5) Type of ossifieation in most sknll bones. 

6) Type of ossifieation in bones preformed in eartilage. 

7) Gells that hollow out the medullary eavity. 

5. Bones of the Skeleton 
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6. Axial Skeleton 



Label the diagram of the skull, anterior view, by plaeing the number of eaeh structure in the spaee by the 
eorreet label. 



Goronal suture 
Ethmoid (orbit) 

Ethmoid, perpendicular plate 

Frontal bone 

Laerimal bone 

Mandible 

Maxilla 

Nasal bone 


Nasal eoneha, inferior 
Nasal eoneha, middle 
Parietal bone 
Squamous suture 
Sphenoid (2 plaees) 
Temporal bone 
Vomer 

Zygomatie bone 


b. List the skull bones that eontain paranasal sinnses. 
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Label the diagram of the skull, lateral view, by plaeing the number of eaeh structure in the spaee by the 
eorreet label. 



Alveolar areh 
Alveolar proeess 
Goronal suture 
Goronoid proeess 
Ethmoid 

External aeonstie meatus 
Frontal bone 
Laerimal bone 
Lambdoid suture 
Mandible 

Mandibnlar eondyle 
Mastoid proeess 


Maxilla 
Nasal bone 
Oeeipital bone 
Parietal bone 
Sphenoid 
Squamous suture 
Styloid proeess 
Temporal bone 

Temporal bone, zygomatie proeess 
Temporomandibnlar joint 
Zygomatie bone 

Zygomatie bone, temporal proeess 










































ehapter 6 Smdy Guide 449 


d. Write the terms that mateh the statements in the spaees provided. 

1) Gontains the foramen magnnm. _ 

2) Forms anterior portion of hard palate. _ 

3) Gontains external aeonstie meatns. _ 

4) The seven vertebrae of the neek. _ 

5) Weight-bearing portion of a vertebra. _ 

6) Foramen throngh which spinal eord passes. _ 

7) Vertebrae bearing ribs. _ 

8) Nnmber of pairs of true ribs. _ 

9) Attaehes true ribs to sternum. _ 

10) First eervieal vertebra. _ 

11) Fibrocartilaginous pads between vertebrae. _ 

12) Forms posterior wall of pelvis. _ 

13) Vertebrae with heaviest bodies. _ 

14) The breastbone. _ 

e. Name the group of bones that provides proteetion for the 

1) Brain_ 2) Heart and lungs_ 

f Label the vertebra by plaeing the number of the structure in the spaee by the eorreet label. 

Body 

Spinons proeess 
Snperior artienlar faeet 
Snperior artienlar proeess 
Transverse proeess 
Vertebral areh 
Vertebral foramen 


7. Appendicular Skeleton 

a. Write the missing words in the spaees at the right. 

The peetoral girdle is formed of two 1 and two 

2 Its fnnetion is to snpport the npper 3 
Eaeh 4 artienlates with the seapnla at one end and 
the 5 at the other. The seapnlae are attaehed to 
the axial skeleton by 6 instead of ligaments. 


1 ) 

2 ) 

3) 

4) 

5) 

6 ) 
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b. Label these diagrams by plaeing the nnmber of eaeh strnemre in the spaee by the eorreet label. 




Aeromion 
Capitulum 
Goraeoid proeess 
Goronoid proeess 
Glenoid eavity 
Greater mberele 
Head of humerus 
Head of radius 
Head of ulna 
Lateral epieondyle 
Medial epieondyle 
Oleeranon fossa 
Oleeranon 
Radial mberosity 
Spine 

Styloid proeess, radius 
Styloid proeess, ulna 
Snrgieal neek 
Troehlea 
Troehlear noteh 
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e. Label the diagrams by plaeing the nnmber of eaeh strnemre in the spaee by the eorreet label. 






Aeetabnlnm 
Greater troehanter 
Head of femnr 
Iliae erest 
Ilinm 
Isehinm 
Lateral eondyle 
Lesser troehanter 
Medial eondyle 
Neek of femnr 
Obmrator foramen 
Pnbie symphysis 
Pnbis 

Saeroiliae joint 
Saernm 

Snbpnbie angle 


d. Indieate whether eaeh of the foIIowing is assoeiated with the fibnla (F) or tibia (T) 


Lateral malleolns 
Lateral eondyle 
Artienlates with femnr 


Medial malleolns 
Medial eondyle 
Artienlates with talns 
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Articulations 


a. Mateh the type of joint with the artienlation formed by the bones 


1) Immovable 

2) Slightly movable 

Femnr-tibia 


3) Ball-and-soeket 

4) Gondylar 


5) Plane 

6) Hinge 


7) Pivot 

8) Saddle 


Frontal-parietal 
Humerus-scapula 
Vertebra-vertebra (between 
bodies of vertebrae) 
Atlas-axis 


Garpal-earpal 
Trapezinm-metaearpal I 
Coxal-femur 
Maxilla-zygomatic 
Metacarpal-phalanx 


b. Mateh the movements with the deseriptions 


1) Abdnetion 

5) Extension 

9) Eversion 

13) Pronation 

2) Addnetion 

6) Elexion 

10) Inversion 

14) Snpination 

3) Depression 

7) Dorsiflexion 

11) Circumduction 

15) Protraetion 

4) Elevation 

8) Plantar flexion 

12) Rotation 

16) Retraetion 

Opposite of dorsiflexion. 

Tnrnins head from side to side. 

Pnshing mandible anteriorlv. 

Deerease in 

angle of joint. 


Movement toward midline. 
Straightening upper limb at elbow 
Turning palm of hand snperiorly. 


Raising shonlders. 

Moving arm in a eirele. 
Tnrning sole of foot medially 


Disorders of the Skeletal System 

Write the name of eaeh disorder deseribed in the spaee provided. 

1) Displaeement of bones forming a joint. _ 

2) A lateral curvature of vertebral column. _ 

3) Protrnsion of intervertebral dise. _ 

4) Bone broken into several pieees. _ 

5) Broken bone pierees throngh skin. _ 

6) Arthritis with invasion of dense irregnlar eonneetive 

tissue that ealeifies, making joint immovable. _ 

7) Tearing of ligaments of joint eapsnle. _ 

8) Severe loss of bone matrix from bones. _ 


eiinieal Insights 




A member of the soeeer team is diagnosed with a disloeated thumb. What is this injury, and do you 
expect it to drastieally alter the players ability to play soeeer? Explain your answer._ 


b. Speeifieally, what is a broken hip?_ 

Why is it more eommon among older persons? 
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1. Types of Muscle Tissues 

Mateh the types of muscle tissues with the words and phrases. 

1) Skeletal 2) Smooth 

_Striated (2 answers) 

_Single nucleus (2 answers) 

_Involnntary (2 answers) 

_interealated dises 

_Branehing network 

Structure of Skeletal Muscle 


3) Gardiae 

_Walls of blood vessels 

_Heart muscle 

_ Walls of digestive traet 

_Skeletal muscles 

_ Easily fatigued 


Write the terms that mateh the statements in the spaees at the right. 

1) A bundle of muscle fibers enveloped by dense 

irregnlar eonneetive tissue. _ 

2) Binds all faseieles together. _ 

3) Gonneetive tissue eovering entire muscle. _ 

4) Gordlike attaehment of a muscle to a bone. _ 

5) Sheetlike attaehment of a muscle to another muscle. _ 

6) Plasma membrane of a muscle fiber. _ 

7) Gytoplasm of a muscle fiber. _ 

8) Threadlike eontraetile elements. _ 

9) Most abnndant moleenles in thin myofilaments. _ 

10) Moleenles eomposing thiek myofilaments. _ 

11) Portion of a myofibril between Z lines. _ 

12) Light and dark bands on myofibrils. _ 

13) Assoeiation of a terminal bouton and the motor end plate. _ 

14) Depression in sareolemma reeeiving terminal bouton. _ 

15) Motor neuron and its attaehed muscle fibers. _ 



3. Physiology of Muscle Skeletal Contraction 

a. Write the words that eomplete the sentenees in the spaees at the right 


The terminal bouton of an aetivated somatie motor 


neuron releases 


1 


into the 


2 


where it binds 


to reeeptors on the 3 The muscle impulse is 
earried into the muscle fiber by 4 causing the 
release of Ga^*^ from the 5 Ga^"^ binds with 

troponin in thin myofilaments eansing 6 
exposing the myosin binding sites on 7 


to shift. 


moleenles 


The heads of 


8 


attaeh to the myosin binding sites. 


and a power stroke pulls the 


9 


toward the eenter 


of the sareomere. This proeess is rapidly repeated until 
the 10 stops stimnlating the muscle fiber. 


1 ) 

2 ) 

3) 

4) 

5 ) 

6 ) 

7) 

8 ) 

9) 

10 ) 
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b. Write the terms that mateh the statements in the spaees provided. 

1) Deeomposes aeetyleholine. 

2) eombines with oxygen to store small amonnts 
of oxygen in mnsele eells. 

3) Phase of eellnlar respiration that requires oxygen. 

4) Products of pyruvic aeid breakdown when 
adequate oxygen is present. 

5) Snbstanee formed from pyrnvie aeid when 
adequate oxygen is not available. 

6) Provides direet energy for muscle eontraetion. 

7) Proeess releasing energy from nntrients in eells. 

8) ehemieal whose accumulation is assoeiated 
with EPOe. 

9) Released from ereatine phosphate to quickly 
re-form ATP. 

e. Write the terms that mateh the statements in the spaees at the right. 

1) Smallest stimulus causing a eontraetion. 

2) Aetivation of a muscle fiber causes a/an 
(all-or-none, graded) eontraetion. 

3) Primary cause of fatigue. 

4) Type of eontraetions observed in whole mnseles 
(all-or-none, graded). 

5) Smallest stimulus that aetivates all motor units 
of a muscle. 

6) Aetivation of an inereasing number of motor 
units in a series of eontraetions. 

7) Gontrols the number of motor units that are 
aetivated. 

8) State of eonstant, partial eontraetion. 

9) State of eonstant, eomplete eontraetion. 

4. Aetions of Skeletal Muscles 

a. Write the terms that mateh the statements in the spaees provided. 

1) Fixed end of a muscle. 

2) Movable end of a muscle. 

3) Muscles opposing agonists. 

b. Write the names of the mnseles that mateh the aetions. 

1) eioses and pnekers lips. 

2) Pulls angle of mouth superiorly. 

3) Helps masseter elevate the mandible. 
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4) eompresses eheeks. 

5) Pair of neek mnseles that flex head. 

6) Pair of neek mnseles that extend head. 

7) Deepest mnsele of abdominal wall. 

8) Elevates and protraets ribs dnring inspiration. 

9) Elevates elaviele and seapnla. 

10) Draws seapnla inferiorly and anteriorly. 

11) Addnets hnmerns aeross ehest. 

12) Sheetlike mnsele of inferior baek that addnets 
and extends arm. 

13) Abdnets, flexes, and extends arm. 

14) Rotates arm laterally. 

15) Assists deltoid in abdneting arm. 

16) Assists latissimns dorsi in medially rotating the arm. 

17) Assists bieeps braehii (two mnseles). 

18) Extends forearm. 

19) Flexes and rotates forearm laterally. 

20) Flexes and abdnets wrist. 

21) Flexes and addnets wrist. 

22) Extends fingers. 

23) Extends and addnets wrist. 

24) Extends and abdnets wrist. 

25) Addnets, flexes, and rotates thigh laterally 
(two mnseles). 

26) Abdnets and rotates thigh medially. 

27) Extends and rotates thigh laterally. 

28) Flexes and abdnets thigh. 

29) Flexes thigh only (two mnseles). 

30) Flexes leg and thigh. 

31) Flexes leg and addnets thigh. 

32) Gronp of four muscles that extend leg. 

33) Three mnseles that flex the leg and extend 
the thigh. 

34) Dorsiflexes and inverts foot. 

35) Flexes leg and plantar flexes foot. 

36) Extends toes and dorsiflexes and everts foot. 

37) Plantar flexes and everts foot. 
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5. Major Skeletal Muscles 

Label the muscles and assoeiated structures in the following diagrams by writing the names of the labeled parts 
in the spaees provided. 

^^__ Head and Neek 

1 )_ 




Anterior Trnnk 

1)_ 

2 )_ 

3) _ 

4) _ 

5) _ 

6 ) _ 

7) _ 

8 ) _ 

9)_ 

10)_ 

11)_ 

12 )_ 

13)_ 
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Posterior Trunk 

1)_ 

2 )_ 

3) _ 

4) _ 

5) _ 

6 ) _ 

7) _ 

8 ) _ 

9)_ 

10 )_ 

11) The muscles labeled 5, 6, 7 and one muscle 
not shown are eolleetively ealled_ 



Anterior Forearm 

1 )_ 

2 )_ 

3) _ 

4) _ 

5) _ 

6 ) _ 

7)_ 



Posterior Forearm 

1 )_ 

2 )_ 

3) _ 

4) _ 

5) _ 

6 ) _ 





































































458 ehapter 7 Smdy Guide 



Anterior Thigh 

1)_ 

2 )_ 

3) _ 

4) _ 

5) _ 

6 ) _ 

7) _ 

8 ) _ 

9)_ 

10 )_ 

11) The miiseles labeled 5, 6, 10 and one other mnsele 
not shown are eolleetively ealled the_ 


Posterior Thigh 

1 )_ 

2 )_ 

3) _ 

4) _ 

5) _ 

6 ) _ 

7) _ 

8 ) _ 

9) The mnseles labeled 3, 4, and 8 are eolleetively 
ealled the 
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Anterior Leg 

1 )_ 

2 )_ 

3) _ 

4) _ 

5) _ 

6 ) _ 

7)_ 
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6. Disorders of the Muscular System 

Write the names of the disorders in the spaees provided. 

1) Inflammation of eonneetive tissnes of mnseles. 

2) Involnntary tetany of a mnsele. 

3) Antibodies attaeh to aeetyleholine reeeptors, 
preventing normal stimnlation of mnseles. 

4) Inflammation of mnsele tissne. 

5) A pnlled mnsele. 

6) Abnormal inerease of eonneetive tissne in a mnsele. 

7) Viral disease that destroys somatie motor nenrons and 
paralyzes skeletal mnseles. 

8) Gronp of diseases eharaeterized by the progressive 
degeneration of mnseles. 

9) A baeterial disease that prevents the release of 
aeetyleholine from terminal bontons. 

10) A baeterial disease eommonly ealled '1ockjaw.'' 

11) Sndden, involnntary weak eontraetions of a mnsele 
or gronp of mnseles. 



eiinieal Insights 



a. Strennons exercise ean make mnseles sore. WouId heat or eold applieations be best to alleviate the soreness? 
_Explain._ 


b. While playing tennis, Jim had a sudden pain on his posterior left thigh. Was this a sprain or a strain? 
What mnseles were probably involved?_ 


e. 


Tom has been working out to build up his muscles. At the mieroseopie level, how does a muscle inerease in 
size and strength?_ 
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1. Divisions of the Nervoos System 

a. List the anatomieal snbdivisions. 


b. List the fnnetional snbdivisions. 


1 ) 

2 ) 


2. Nervoos Tissue 

a. Write the terms that mateh the statements in the spaees at the right. 

1) Portion of a nenron eontaining the nnelens. _ 

2) Nenronal proeesses reeeiving nerve impnlses from 

other nenrons. _ 

3) Strnemral type of nenron having several dendrites 

branehing off from the eell body. _ 

4) Fnnetional type of nenron earrying nerve impnlses 

toward the CNS. _ 

5) Nenronal proeess earrying nerve impnlses to effeetors. _ 

6) Fnnetional type of nenron earrying nerve impnlses 

to effeetors. _ 

7) Insnlation aronnd some axons. _ 

8) Fnnetional type of nenron earrying nerve impnlses 

within the CNS. _ 

9) Strnetnral type of nenron having a single dendrite 

branehing off from the eell body. _ 

10) Strnemre required for regeneration of an axon. _ 

11) Small spaees between adjaeent myelin-forming 

eells, where the axon is exposed. _ 

b. Write the names of the neuroglia that mateh the statements. 

1) Line the ventrieles of the brain. _ 

2) Form myelin sheath around axons in the CNS. _ 

3) Engulf pathogens and debris. _ 

4) Form myelin sheath around axons in the PNS. _ 

5) Form the blood-brain barrier. _ 
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Label the figure by plaeing the number of the structure by the eorreet label. Draw arrows to show direetion 
of nerve impnlse. 

Axon 



2 


Cell body 
Dendrite 
Myelin sheath 
Myelin sheath gaps 
Nucleus 

Nucleus of Schwann eell 
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3. Neuron Physiology 


a. Write the terms that eomplete the sentenees in the spaees at the right 


b 


In a resting nenron. 


1 


(eation) eoneentrations are 


2 


high in the ECF and low in the eytosol, whereas — 
(eations) have the opposite distribntion. These differenees, 
in addition to the negatively eharged proteins and ions in 
the eytosol, —5— the plasma membrane, meaning there 


are a net excess of 
a net excess of 


5 


eharges on the ECF side and 
eharges on the eytosol side. The 


resnlt is a 


6 


of — 70mV. 


to 


A threshold stimnlns makes the membrane permeable 
7 


_ions that rapidly diffnse into the nenron, 

which depolarizes the membrane forming a nerve 


8 


. A depolarized membrane is repolarized when 


9 


diffnse out of the neuron. The 


10 


then 


reestablishes the resting state distribntion of ions. When 
a nerve impnlse is formed in a portion of an axon, it 
triggers a wave of _ 


11 


that eondnets the nerve 


impnlse along the axon. Nerve impnlse eondnetion is 
more rapid in _ 


12 


axons. 


In neuron-to-neuron synaptie transmission, a 
nerve impnlse reaehing a terminal bouton causes the 
release of a —— into the —14— The _ 


15 


binds 


with 


14_on the postsynaptie neuron, which either 


promotes or inhibits the formation of a 
18 


IZ _The 


_ are then removed from the synaptie eleft 
throngh reabsorption, diffnsion, or deeomposition 


1 ) 

2 ) 

3) 

4) 

5 ) 

6 ) 

7) 

8 ) 

9) 

10 ) 

11 ) 

12 ) 

13) 

14) 

15) 

16) 

17) 

18) 
19) 


19 


by _ 

If a drug prevents an excitatory nenrotransmitter from binding to reeeptors of the postsynaptie neuron. 


will synaptie transmission occur? 


How might such a drug be useful in a elinieal sitnation? 


4. Proteetion for the Gentral Nervous System 

Write the terms that mateh the phrases in the spaees at the right. 

1) Most snperfieial meninx. _ 

2) Middle meninx. _ 

3) Deepest meninx. _ 

4) Portion of skull proteeting brain. _ 
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5) Meningeal spaee eontaining eerebrospinal flnid. 

6) Spaee filled with adipose tissne in vertebral eanal. 

7) Provides bony proteetion for spinal eord. 

5. Brain 


a. Label the fignre by plaeing the nnmber of the strnemre by the eorreet label. 


2 


6 


3 

4 

5 


7 


8 


9 



Brainstem 
Gerebellnm 
Cerebrum, frontal lobe 
Cerebrum, oeeipital lobe 
Cerebrum, parietal lobe 
Corpus callosum 
Dieneephalon 


Epithalamns 

Hypothalamns 

Mednlla oblongata 

Midbrain 

Pons 

Thalamns 


b. Write the names of the structures that mateh the phrases. 

1) Gonneets the eerebral hemispheres. 

2) Snperfieial layer of eerebral gray matter. 

3) Folds on eerebral snrfaee. 

4) Shallow grooves on eerebral snrfaee. 

5) Groove separating eerebral hemispheres. 

6) Gerebral lobe anterior to eentral sulcus. 

7) Gerebral lobe posterior to eentral sulcus. 

8) Most posterior eerebral lobe. 

9) Gerebral lobe inferior to lateral sulcus. 

10) Portion of the brainstem that is continuous 
with the spinal eord. 

11) Two lateral masses of nervons tissue eonneeted 
by the interthalamie adhesion. 
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12) Major structure of the epithalamus. 

13) Formed of pons, midbrain, and mednlla oblongata. 

14) Reeognized by its bnlblike anterior portion. 

15) Snperior portion of brainstem. 

16) Gonsists of two lateral hemispheres separated by 
the vermis. 

17) Gavities within the brain. 

18) Gavity continuous with the eentral eanal of the 
spinal eord. 

19) Gavity between lateral masses of the thalamns 
and above the hypothalamns. 

20) Seeond largest portion of the brain. 


e. Mateh the parts of the brain with the fnnetions deseribed. 

1) Cerebrum 4) Medulla oblongata 7) Pons 

2) Cerebellum 5) Limbie system 8) Reticular formation 

3) Hypothalamns 6) Midbrain 9) Thalamns 

_eontrols anditory and visual reflexes. 

_eoordinates body movements, posmre, and equilibrium. 

_eontrols moods and emotional behavior. 

_eontrols volnntary aetions, will, and intelleet. 

_Provides general, nonspeeifie awareness of sensations. 

_Provides speeifie interpretation of sensations. 

_eontrols wakefulness and aronses eerebrnm. 

_eontrols heart rate and blood pressnre. 

_Assists mednlla oblongata in eontrol of breathing. 

_Major eenter eontrolling homeostasis. 


d. Mateh parts of the eerebrnm with the hmetions deseribed. 


1) Prefrontal area 

2) Motor speeeh area 

3) Corpus callosum 

4) Left eerebral hemisphere 

5) Oeeipital lobe 

Awareness of sensations from the skin. 


6) Preeentral gyrus 

7) Premotor area 

8) Posteentral gyrus 

9) Temporal lobe 

10) Right eerebral hemisphere 


Center for visual sensations. 

Center for sound sensations. 
eontrols ability to speak. 

Primary eontrol area for eontraetions of skeletal mnseles. 

Hemisphere eontrolling verbal and eompntational skills in most people 
Hemisphere eontrolling artistie and spatial skills in most people. 
Conducts nerve impnlses between eerebral hemispheres. 
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_eontrols complex and sequential learned motor aetivities. 

_Genter for personality, executive functions, and eonseienee. 

e. Write the terms that eomplete the sentenees in the spaees at the right. 


eerebrospinal fluid (CSF) is produced by a 1 1) 

in eaeh ventriele. Most of the CSF is formed 2) 

within the 2 ventrieles and flows throngh 3) 

two small openings into the median 3 4) 

ventriele. From here, it passes into the fourth 5) 

ventriele in the posterior portion of the 6) 

brainstem. From the 4 ventriele, some 7) 

eSF flows into the 5 of the spinal eord, 8) 

but most of it enters the 6 spaee and 
flows around the spinal eord and brain. CSF is 
reabsorbed into the blood within the 7 , 

which is loeated within the 8 along the 
snperior midline. 


6. Spinal Cord 

a. Write the terms that mateh the phrases in the spaees at the right. 

1) Gontain eell bodies of motor nenrons that earry nerve 

impnlses to skeletal muscle. _ 

2) Gomposed of myelinated and nnmyelinated axons. _ 

3) Gontain eell bodies of internenrons that reeeive 

nerve impnlses from sensory nenrons. _ 

4) Axon bnndles that earry nerve impnlses toward brain._ 

5) Axon bnndles that earry nerve impnlses from brain. _ 

6) Vertebra where spinal eord ends. _ 

7) Part of brainstem continuous with spinal eord. _ 

8) Nerves arising from spinal eord. _ 

b. Label the figure by plaeing the number of the structure in the spaee by the eorreet label. 


2 

3 
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_Anterior median fissnre Spinal nerve, anterior root 

_Gentral eanal Spinal nerve, posterior root 

_Gray matter, gray eommissnre Spinal nerve, posterior root ganglion 

_Gray matter, anterior horn White matter, anterior funiculus 

_Gray matter, posterior horn White matter, lateral funiculus 

_Posterior median sulcus White matter, posterior funiculus 

7. Peripheral Nervous System (PNS) 

a. Write the terms that mateh the phrases in the spaees at the right. 

1) Tissue binding axons together in a nerve. _ 

2) Nerve eontaining mostly axons of motor nenrons. _ 

3) Nerve eontaining only axons of sensory nenrons. _ 

4) Gonsists of the eranial nerves and spinal nerves that eonneet 

the CNS to the effeetors, sensory reeeptors, and ganglia. _ 

5) Nenrons earrying nerve impnlses from the CNS. _ 

6) Nenrons earrying nerve impnlses to the CNS. _ 

7) Nerve eontaining axons of both sensory and motor nenrons. _ 

b. Write the nnmerals and names of the eranial nerves deseribed by the phrases. 

1) Transmits motor nerve impnlses to faeial mnseles. _ 

2) Transmits sensory nerve impnlses from retina. _ 

3) Transmits motor nerve impnlses to mnseles that move the 

eyes (three nerves). _ 


4) Transmits sensory nerve impnlses from thoraeie and 
abdominal viseera. 

5) Transmits motor nerve impnlses to tongue muscles. 

6) Transmits sensory nerve impnlses from the internal ear. 

7) Transmits sensory nerve impnlses from ''smelP reeeptors. 

8) Transmits motor nerve impnlses to chewing mnseles. 

9) Transmits sensory nerve impnlses from the faee. 

10) Transmits motor nerve impnlses to mnseles of the larynx 
and to the trapezins muscle. 

11) Transmits motor nerve impnlses to salivary glands (2 nerves). 

12) Transmits motor nerve impnlses to thoraeie and abdominal 
viseera. 

13) Transmits sensory nerve impnlses from the teeth. 

14) Transmits to the eye motor nerve impnlses that adjust 
pupil size and lens shape. 
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e. Write the terms that mateh the phrases in the spaees at the right. 

1) Nnmber of pairs of spinal nerves. _ 

2) Root eontaining axons of motor nenrons. _ 

3) Root eontaining axons of sensory nenrons. _ 

4) Anterior rami of these spinal nerves do not 

form spinal plexuses. _ 

5) Plexuses from which nerves to the lower 

limbs emerge. _ 

6) Rapid, involnntary, predietable responses. _ 

7) Where anterior rami of most spinal nerves are sorted 

and reeombined. _ 

d. Write the terms that eomplete the sentenees in the spaees at the right. 


In a somatie spinal reflex, a painfnl stimulus 1) 

causes a reeeptor to form nerve impnlses that are 2) 

earried by the axon of a 1 neuron to the 3) 

spinal eord. The axon of this neuron enters 4) 

the spinal eord via the ^ root and synapses 5) 

with an 3 in the 4 horn. This seeond 6) 

neuron extends its axon to the 5 horn, 7) 

where it synapses with a 6 neuron 8) 

possessing an axon that exits the spinal eord via 
the 7 root and earries nerve impnlses to 
an 8 


8. Autonomic Nervous System (ANS) 

a. Write the terms that mateh the phrases in the spaees at the right. 

1) Division arising from brainstem and saeral segment 

of spinal eord. _ 

2) Division arising from thoraeie and lumbar 

segments of spinal eord. _ 

3) Antonomie ganglia forming a ehain on eaeh side 

of the vertebral column. _ 

4) Nenrotransmitter seereted by postganglionie 

sympathetie nenrons. _ 

5) Nenrotransmitter seereted by postganglionie 

parasympathetie nenrons. _ 

6) Division preparing body for emergeneies. _ 

7) Division promoting digestion. _ 

8) Division inereasing blood pressnre. _ 
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b. Write the terms that eomplete the sentenees in the spaees at the right. 


In a spinal antonomie viseeral reflex, the axon 1) 

of a 1 nenron exits the spinal eord via 2) 

an 2 root and extends to an antonomie 3) 

3 where it synapses with a 4 4) 

nenron that extends an axon to an effeetor. 


9. Disorders of the Nervoos System 

Write the disorders deseribed by the phrases. 

1) infeetion of the meninges. 

2) Caused by a defieieney of dopamine. 

3) Severe memory loss caused by a loss of eertain 
eholinergie nenrons in the brain. 

4) Blood elot, anenrysm, or hemorrhage in brain. 

5) Destrnetion of myelin sheath in CNS. 

6) Prenatal brain damage, often caused by viral infeetions 
like German measles. 

7) ConvuIsive seizures. 

8) A severe jarring of the brain. 

9) Nenritis by reaetivation of ehieken pox virus. 

10) Results from an inaetive retienlar formation. 


10. eiinieal Insights 




A stroke patient is paralyzed on the right side of the body and eannot speak. What part of the brain is 
affeeted by the stroke?_ 


b. A patient eomplains of severe pain in the left inferior baek that extends inferiorly to the thigh. A nurse 
deseribes the pain as nenralgia. What is nenralgia?_ 

What nerve is the likely source of the pain?_ 

e. The poliomyelitis virus destroys eell bodies in the anterior horn of the spinal eord. If the affeeted spinal 

nerve innervates the left Iower limb, what will be the effeet on the patient?_ 

WiII the patient fully reeover?_Explain._ 































STUDY GUIDE 



1. Sensations 

a. Mateh the structures with the statements that follow. 

1) Gerebral cortex 2) Nerve 3) Sensory reeeptor 

_ Garries nerve impulses. _ Projeets sensation baek to region where 

_ Forms sensory nerve impulses. nerve impulses seem to originate. 

_ Interprets nerve impulses as sensations. _ Sensitive to a particular type of stimulus. 

_ Deereases nerve impulse formation _ Exhibits sensory adaptation. 

when repeatedly stimulated. 

b. Define sensory adaptation._ 


2. General Senses 


a. Mateh the responses with the terms or statements that follow. 

1) Cold reeeptors 4) Taetile corpuscles 

2) Noeieeptors 5) Lamellated corpuscles 

3) Warm reeeptors 6) Proprioeeptors 


Pain reeeptors. 

Touch reeeptors. 

Most sensitive to temperamres over 25 °C. 
Most sensitive to temperamres 
under 20°C. 

Stimulated by tissue damage. 


Deteet deep pressure and streteh. 

Loeated in superficial portion of dermis. 
Loeated in muscles and tendons. 
Temperamre reeeptors elosest to epidermis. 
Touch reeeptor abundant in hairless skin. 
Involved in maintenanee of ereet posmre. 


b. What is referred pain? 


3. Taste and Smell 

Write the terms deseribed by the statements in the spaees at the right. 

1) Mieroseopie organs eontaining taste reeeptors. _ 

2) Sensory reeeptors loeated in olfaetory epithelium. _ 

3) Name the five eonfirmed basie taste sensations. _ 

4) Number of odors that ean be deteeted by the 

average person. _ 
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4. Ear Structure 


a. Label the figure by plaeing the number of the structure in the spaee by the eorreet label. 


Anditory tube 

Auricle 

Goehlea 

External aeonstie meatus 

lncus 

Malleus 

Oval window 


Round window 
Semieirenlar eanals 
Stapes 

Tympanie eavity 
Tympanie membrane 
Vestibnloeoehlear nerve 



b. Write the terms that mateh the statements in the spaees at the right. 

1) Part of the bony labyrinth that eontains sensory reeeptors for 

a) hearing. _ 

b) statie equilibrium (2 answers). _ 

e) dynamie equilibrium (3 answers). _ 


2) Fills membranons labyrinth. 

3) Fills the spaee between the bony and membranons 
labyrinths. 

4) Fills tympanie eavity. 




































472 ehapter 9 Smdy Guide 


e. Label the figure by plaeing the number of the structure in the spaee by the eorreet label. 


2 


3 

5 

6 

8 

5. Hearing 

a. Write the terms that mateh the statements in the spaees at the right. 

1) Reeeptor organ for hearing. _ 

2) Reeeptor eells for hearing. _ 

3) Garry vibrations from tympanie membrane to 

oval window. _ 

4) Direets sound waves to tympanie membrane. _ 

5) Gontains fibers of inereasing length. _ 

6) Membrane-eovered opening at end of seala tympani._ 

7) Membrane struck by sound waves. _ 

8) Membrane that determines piteh of sound. _ 

9) Membrane eontaeting stereoeilia of reeeptor eells. _ 

10) Allows air to enter tympanie eavity. _ 

b. Write the terms that eomplete the sentenees in the spaees at the right. 


Sound waves enter the 1 and strike 1) 

the 2 , eansing it to vibrate. This vibration is 2) 

transmitted by the 3 to the 4 that fills 3) 

the seala vestibnli and seala tympani. Oseillating 4) 

movements of this fluid cause eomparable 5) 

vibrations of portions of the 5 membrane 6) 

and the 6 that rests upon it. This causes the 7) 

eoehlear hair eells to eontaet the 7 , which 8) 

stimnlates them to form 8 that are earried 9) 

to the brain by the 9 nerve. The hearing 10) 

areas in the 10 lobes interpret these nerve 
impnlses as sound sensations. 


Basilar membrane 
Goehlear duct 
Goehlear braneh of CN Vlll 
Goehlear hair eell 
Seala tympani 
Seala vestibnli 
Spiral organ 
Teetorial membrane 
Vestibnlar membrane 
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6. Equilibrium 

Write the terms that mateh the statements in the spaees at the right. 

1) Sensory organ for statie equilibrium. _ 

2) ehambers eontaining sensory organs for statie 

equilibrium. (2 answers) _ 

3) Foree stimnlating vestibnlar hair eells of macula. _ 

4) Sensory organ for deteeting rotational motion. _ 

5) Loeations of sensory organs for deteeting rotational 

motion. _ 

6) Fluid moving the ampnllary cupula when head is mrned. _ 

7) Part of brain eontrolling equilibrium. _ 

7. Aeeessory Structures of the Eye 

Write the terms that mateh the statements in the spaees at the right. 

1) Lines eyelids and eovers anterior selera. _ 

2) Group of muscles that move the eye. _ 

3) Seeretes tears. _ 

4) Golleet tears at medial eorner of eye. _ 

5) Garries eolleeted tears into nasal eavity. _ 


8. Eye Structure 

a. Write the terms that mateh the statements in the spaees at the right. 

1) Fills anterior ehamber. _ 

2) Pigmented layer of the eyeball. _ 

3) Snbstanee holding retina against ehoroid. _ 

4) Opening in eenter of iris. _ 

5) Fluid mostly responsible for intraoenlar pressnre in eye. _ 

6) Proteetive external fibrons eoat of eye. _ 

b. Label the figure by plaeing the number of the structure in the spaee by the eorreet label. 


Anterior ehamber 

(filled with aqueous humor) 

ehoroid 

Giliary body 

Gornea 

Fovea eentralis 

Iris 

Lens 

Optie dise (CN 11) 


Optie nerve 

Posterior ehamber 

(filled with aqueous humor) 

Pupil 

Retina 

Selera 

Giliary zonule 
Vitreous ehamber 
(filled with vitreous body) 
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9. Vision 

Write the terms that mateh the statements in the spaees at the right. 

1) Gontains photoreeeptors. _ 

2) Site of sharpest eolor vision. _ 

3) eiear window throngh which light enters eye. _ 

4) Gontrols amonnt of light entering eye. _ 

5) Foenses light rays on retina. _ 

6) Layer eontaining blood vessels. _ 

7) ehanges shape of the lens. _ 

8) Retinal area laeking photoreeeptors. _ 

9) Opening within the iris that light rays pass throngh. _ 

10) Absorbs excessive light in eye. _ 

11) Reeeptors for blaek and white vision. _ 

12) Reeeptors for eolor vision. _ 

13) Reeeptors absent in fovea eentralis. _ 

14) Garries nerve impnlses from retina to brain. _ 

15) Where medial axons eross over. _ 

16) Light-sensitive pigment in rods. _ 

17) Golors of light absorbed by three types of eones. _ 

18) Vitamin required for rhodopsin synthesis. _ 
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Disorders of the Speeial Senses 

Write the disorders deseribed in the spaees at the right. 

1) An infeetion ealled "'pink eye.'' 

2) eiondiness of the lens. 

3) Aente infeetion of the middle ear. 

4) Deafness due to exposure to loud noises. 

5) Deafness eorreetible by hearing aids. 

6) Resnlts from unequal curvatures of lens or eornea. 

7) Loss of all taste fnnetion. 

8) Pereeption of an odor that is not present. 

9) Deereased elastieity of the lens. 

10) Nausea due to repeated stimulation of equilibrium 
reeeptors. 

11) Group of disorders producing nausea, dizziness, 
and tinnitis. 

12) Ganeer of immatnre retinal eells. 

13) Grossed eyes. 


eiinieal Insights 




An older patient ealls the offiee and eomplains of pain at the base of the neek, left shonlder, and left arm. 
What is the probable cause of the pain?_Why was the pain loealized in these areas?_ 


What would you advise the patient to do?_ 

b. An andiometry test verifies that a eollege smdent has a deereased sense of hearing. Disenssion brings out 
that he has been working as an audio engineer at a loeal hip hop club for three years. What relationship 
probably exists between his job and his hearing loss?_ 
























STUDY GUIDE 



1. Endoerine Glands 



Label the endoerine glands in the fignre by plaeing the nnmber of the gland(s) in the spaee beside the 
eorreet label. 



Adrenal glands 
Hypothalamns 
Ovaries 
Panereas 

Parathyroid glands 
Pineal gland 
Pitnitary gland 
Testes 
Thymns 
Thyroid gland 


b. Gontrast exocrine and endoerine glands. 

1) Seeretions of exocrine glands are earried by_. 

2) Seeretions of endoerine glands are earried by_. 

e. Gontrast the nervons and endoerine systems. 

1) Nenrons release_to affeet postsynaptie eells. 

2) Endoerine glands release_to affeet target eells. 

3) Speeial nenroseeretory eells release_direetly into the_. 

2. The ehemieal Nature of Hormones 

a. Mateh the hormone with the eorreet statement. 

1) Steroid hormone and thyroid hormones 2) Nonsteroid hormone 

_Binds to a plasma membrane reeeptor. _Reeeptor-hormone complex eanses DNA 

_Requires a seeond messenger. to initiate synthesis of new proteins (enzymes). 

_Lipid-soluble hormone. _Binds to reeeptor within the target eells. 
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b. Write the terms that mateh the statements in the spaees at the right. 

1) ehemieal messengers. _ 

2) Garries hormones thronghont the body. _ 

3) Glands prodneing hormones. _ 

4) Gells eontaining hormone reeeptors. _ 

5) Excessive prodnetion of a hormone. _ 

6) Defieient prodnetion of a hormone. _ 

7) Usual regulatory meehanism for hormone 

prodnetion. _ 

8) ''Loeal hormones'' prodneed by nonendoerine 

eells. _ 

3. Pituitary Gland 

a. Write the name of the strnemre that seeretes releasing and inhibiting hormones that eontrol the anterior 

lobe of the pimitary gland._ 

b. Write the name of the stmemre that prodnees the oxytocin and ADH that are released within the posterior 

lobe of the pimitary gland._ 

e. Write the names of the pimitary gland hormones that mateh the statements in the spaees at the right. 

1) Stimnlates seeretion of thyroid hormones. _ 

2) Stimnlates eell growth and division. _ 

3) Stimnlates seeretion of estrogens. _ 

4) Stimnlates seeretion of testosterone. _ 

5) Stimnlates seeretion of eortisol. _ 

6) Stimnlates sperm prodnetion. _ 

7) Stimnlates water retention by kidneys. _ 

8) Stimnlates eontraetion of uterus. _ 

9) Stimulates seeretion of progesterone. _ 

10) Released at the onset of pnberty. _ 

d. Mateh the lobe with the hormone it prodnees by inserting the eorreet letter before eaeh hormone. 

A. Anterior lobe of the pimitary gland B. Posterior lobe of the pimitary gland 

1) _ACTH 3)_PRL 5)_TSH 7)_GH 

2) _OT 4)_FSH and LH 6)_ADH 

4. Thyroid and Parathyroid Glands 

Write the terms that mateh the statements in the spaees at the right. 

1) Element essential for synthesis of thyroid hormones. _ 

2) Hormones that inerease metabolie rate. _ 

3) Hormone that inereases blood ealeinm level. _ 

4) Hormones whose seeretions are eontrolled by TSH. _ 

5) Hormone that deereases blood ealeinm level. _ 

6) Gland that seeretes ealeitonin. _ 
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7) Gontrols seeretion of parathyroid hormone. _ 

8) Vitamin (hormone) formed by the kidneys 

in response to PTH. _ 

5. Adrenal Glands 

Write the terms that mateh the statements in the spaees at the right. 

1) Major organ that eonverts glyeogen into glneose. _ 

2) Gontrols seeretion of adrenal mednlla. _ 

3) Two related hormones seereted by the adrenal mednlla. _ 

4) Three gronps of hormones seereted by adrenal cortex. _ 


5) Hormone that regnlates levels of eleetrolytes in blood. _ 

6) Hormone inhibiting inflammation and immnnity. _ 

7) Seeretion eontrolled by blood levels of sodinm 

and potassinm. _ 

8) Hormones preparing body for emergeneies. _ 

9) Hormone inereasing blood levels of sodinm and water. _ 

10) Hormone eonverting nonearbohydrates into glneose. _ 

11) Hormones inereasing heart rate and blood pressnre. _ 

12) Seeretion eontrolled by ACTH. _ 

6. Panereas 

Write the terms that mateh the statements in the spaees at the right. 

1) Portion of gland seereting hormones. _ 

2) Hormone deereasing blood glneose level. _ 

3) Hormone aiding movement of glneose into eells. _ 

4) Hormone inereasing blood glneose level. _ 

5) Gontrols seeretion of panereatie hormones. _ 

6) Seeretion stimnlated by high blood glneose levels. _ 

7. Gonads, Pineal Gland, and Thymus 

Write the terms that mateh the statements in the spaees at the right. 

1) Hormones formed by ovaries. _ 

2) Hormone seereted by testes. _ 

3) Hormone of the pineal gland. _ 

4) Hormones of the thymns. _ 

5) Seems to inflnenee biorhythms. _ 
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6) Stimulates development of male reproductive organs 
and seeondary sex eharaeteristies. 

7) Stimnlates development of female reprodnetive organs 
and seeondary sex eharaeteristies. 

8) Involved in mamration of T eells. 


8. Disorders of the Endoerine System 

Write the names of the disorders deseribed below in the spaees at the right. 

1) Hyperseeretion of GH in adults. _ 

2) Production of large amonnts of dilute urine. _ 

3) Enlarged thyroid gland due to laek of iodine. _ 

4) Excessive metabolie rate and bnlging eyes. _ 

5) Hyposeeretion of thyroid hormones in adults. _ 

6) Hyposeeretion of GH in growing years. _ 

7) Hyposeeretion of aldosterone and eortisol. _ 

8) Hyperseeretion of glneoeortieoids. _ 

9) Hyposeeretion of ADH. _ 

10) Continued growth of bones of faee and hands in adults. _ 

11) Inability of glneose to enter body eells. _ 

12) Hyperseeretion of thyroid hormones. _ 

13) Mental retardation, slnggishness, and smnted 

growth in an infant. _ 

14) Goarse, dry skin and hair; edema; and slnggishness 

in adults. _ 

15) Round, full faee; high blood pressure; high blood 

glucose levels; and deereased immnnity. _ 


9. eiinieal Insights 




A patient is taken to the emergeney room by her hnsband. She is sweating and breathing rapidly. A blood 
test reveals aeidosis and hyperglyeemia. What hormone should be administered immediately? 
_Explain._ 



A new mother is informed that her infant has severe hypothyroidism. How would you explain the impor- 
tanee of thyroxine medieation for her infant?_ 


e. 


A patient with high blood pressnre and edema (water-logged tissnes) is given a dmg that eonnteraets the 
aetion of ADH. Explain why this dmg was administered and how it will work._ 
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1. General Characteristics of Blood 

Write the answers that mateh the statements in the spaees at the right. 

1) pH range of the blood. _ 

2) Liquid portion of blood. _ 

3) Blood eells and platelets. _ 

4) Pereentage of blood formed by liquid portion. _ 

5) Pereentage of blood formed by RBCs, WBCs, and platelets. _ 

6) Average hematoerit in adult males. _ 

7) Average hematoerit in adult females. _ 

8) Basie hmetion of blood. _ 

2. Red Blood Cells 

Write the answers that mateh the phrases or statements in the spaees at the right. 

1) Shape of RBCs. _ 

2) Primary protein in RBCs. _ 

3) Primary fnnetion of RBCs is transport of_. _ 

4) iron-eontaining portion of hemoglobin. _ 

5) Healthy range of RBCs/|Jil of blood in males. _ 

6) Healthy range of RBCs/|Jil of blood in females. _ 

7) RBC-forming tissue in ehildren and adults. _ 

8) Hormone stimnlating RBC prodnetion. _ 

9) Organs releasing the hormone that stimnlates 

RBC prodnetion. (2 answers) _ 

10) Organ prodneing intrinsie faetor. _ 

11) Vitamins required for RBC production. (2 answers) _ 

12) intrinsie faetor enables absorption of_. _ 

13) Stem eells from which RBCs originate. _ 

14) Average life span of RBCs. _ 

15) Organs where old RBCs are destroyed and heme 

breakdown occurs. (2 answers) _ 


16) Phagoeytie eells destroying RBCs. 

17) Portion of heme that is reused. 

18) Portion of heme that is excreted. 
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3. White Blood Cells 

a. Write the answers that mateh the statements in the spaees at the right. 

1) Stem eells from which WBCs originate. _ 

2) Healthy range of WBCs/|il of blood. _ 

3) Basie fnnetion of WBCs is_. _ 

4) Where most fnnetions of WBCs oeenr. _ 

5) Gronp of WBCs with visible eytoplasmie grannles. _ 

6) Gronp of WBCs laeking visible eytoplasmie grannles. _ 

7) WBCs with lavender-staining grannles. _ 

8) WBCs with blue-staining granules. _ 

9) Largest WBCs. _ 

10) Smallest WBCs. _ 

11) WBCs with red-staining grannles. _ 

12) Form 20% to 40% of WBCs. _ 

13) Migrate into tissnes to beeome maerophages. _ 

14) First WBCs attraeted from blood into damaged tissnes. _ 

15) WBCs that move into tissnes to eomplete eleannp 

of tissue damage. _ 

16) Form 40% to 60% of WBCs. _ 

17) Release histamine in allergie reaetions. _ 

18) Nentralize heparin to reduce inflammation. _ 

19) Life span of WBCs. _ 

20) Destroy parasitie worms. _ 

21) Prodnee antibodies. _ 

22) eompose 2% to 8% of WBCs. _ 

23) eompose 0.5% to 1.0% of WBCs. _ 

24) eompose 1% to 4% of WBCs. _ 

25) Two major phagoeytie WBCs. _ 


b. Use eolored peneils to draw these WBCs as they appear after Wright staining. 

Neutrophil Eosìnophìl Basophìl Monoeyte Lymphoeyte 


4. Platelets 

Write the answers that mateh the statements in the spaees at the right. 

1) Life span of platelets. _ 

2) Typieal range of platelets per ul of blood. _ 
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3) Gells that fragment to form platelets. 

4) Two hmetions of platelets. 


5. Plasma 

Write the answers that mateh the statements in the spaees at the right. 

1) Gonstimtes over 90% of plasma. _ 

2) General term for dissolved substances. _ 

3) Most abundant plasma proteins. _ 

4) Plasma proteins that are antibodies. _ 

5) Plasma protein eonverted into fibrin. _ 

6) Plasma proteins transporting lipids. (3 answers) _ 


7) Plasma proteins helping to regulate pH and osmotie 

pressure of the blood. _ 

8) Organ forming most plasma proteins. _ 

9) Nitrogenous wastes of protein breakdown. (2 answers) _ 

10) eolleetive term for inorganie ions in the plasma. _ 

6. Hemostasis 

Write the answers that mateh the statements in the spaees at the right. 

1) Three proeesses of hemostasis. _ 


2) eonstrietion of damaged blood vessel. _ 

3) Formed elements that temporarily plug break 

in damaged blood vessel. _ 

4) Substance released by platelets and damaged 

blood vessel walls that starts elotting proeess. _ 

5) Eleetrolyte required for elotting to occur. _ 

6) Threadlike strands forming a blood elot. _ 

7) Gells that enter elot to form new dense irregular 

eonneetive tissue and repair damage. _ 

8) Enzyme eonverting fibrinogen into fibrin. _ 

7. Human Blood Types 

Write the answers that mateh the statements in the spaees at the right. 

1) Loeation of antigens used in blood typing. _ 

2) Loeation of antibodies against blood-typing antigens. _ 
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3) Antigen(s) in type A blood. 

4) Antigen(s) in type AB blood. 

5) Antigen(s) in type O blood. 

6) Antibodies in type B blood. 

7) Antibodies in type AB blood. 

8) Antibodies in type O blood. 

9) Antibodies in Rh— blood of person sensitized 
to the Rh antigen. 

10) Caused by maternal anti-Rh antibodies binding with 
Rh antigens on fetal RBCs. 


8. Disorders of the Blood 

Write the answers that mateh the statements in the spaees at the right. 

1) Reduced ability to form blood elots. _ 

2) Reduced eapaeity to earry oxygen. _ 

3) An excessive eoneentration of RBCs. _ 

4) infeetion of lymphoeytes by Epstein-Barr virus. _ 

5) Anemia due to a defieieney of iron. _ 

6) Cancer prodneing excess of WBCs. _ 

7) Anemia due to inability to absorb vitamin B12. _ 

8) Anemia due to excessive bleeding. _ 

9) Anemia due to siekling of RBCs. _ 

10) Anemia due to premamre rupture of RBCs. _ 

11) Anemia due to loss of red bone marrow. _ 

12) Fetal blood eontains erythroblasts. _ 


9. eiinieal Insights 



a. What ABO and Rh blood type could a person with type 0+ blood safely reeeive? 
Explain._ 


b. Mary's blood type is A—. She is at the hospital for delivery of her seeond ehild, and her first ehild is A+. The 
attending physieian wants blood available in ease the infant exhibits hemolytie disease of the newborn upon 

delivery. What blood type should he order?_ 

Explain._ 


e. ehemotherapy destroys eaneer eells beeanse it disrnpts eell division in rapidly dividing eells. What impaet 

would ehemotherapy have on the prodnetion of formed elements?_ 

Explain._ 


































STNDY GUIDE 


1. Anatomy of the Heart 


a. Write the eorreet labels in the spaees at the right. 



1 ) 

2 ) 

3) 

4) 

5) 

6 ) 

7) 

8 ) 

9) 

10 ) 

11 ) 

12 ) 

13) 

14) 

15) 

16) 

17) 

18) 

19) 

20 ) 


b. Write the names of the strnetnres that mateh the statements in the spaees at the right. 

1) Reeeives blood from venae eavae. _ 

2) Reeeives blood from pnlmonary veins. _ 

3) Separates ventrieles. _ 

4) Prevents baekflovv of blood from right ventriele 

into right atrinm. _ 

5) Prevents baekflovv of blood from left ventriele 

into left atrinm. _ 

6) Prevents baekflovv of blood from aorta into left 

ventriele. _ 

7) Prevents baekflovv of blood from pnlmonary 

trnnk into right ventriele. _ 

8) Restrain ensps of AV valves. _ 

9) Pnmps blood into pnlmonary trnnk. _ 

10) Pnmps blood into aorta. _ 
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Cardiac Cycle 

Write the terms or the names of the strnemres that mateh the statements in the spaees at the right. 

1) Gontraetion phase of the ventrieles. _ 

2) Relaxation phase of the ventrieles. _ 

3) Valves elosing to prodnee first heart sonnd. _ 

4) Valves elosing to prodnee seeond heart sonnd. _ 

5) Valves open dnring ventrienlar systole. _ 

6) Valves elosed dnring ventrienlar systole. _ 

7) Valves open dnring ventrienlar diastole. _ 

8) Valves elosed dnring ventrienlar diastole. _ 

Heart Conduction System and Eleetroeardiogram 

Write the terms or the names of the strnetnres that mateh the statements in the spaees at the right. 

1) Small fibers earrying impnlses to ventrienlar myoeardinm. _ 

2) Paeemaker of the heart. _ 

3) Thiek fibers extending from AV node. _ 

4) Transmits impnlses to atria and AV node. _ 

5) Transmits impnlses to AV bnndle. _ 

6) Wave eansed by depolarization of ventrieles. _ 

7) Wave eansed by repolarization of ventrieles. _ 

8) Wave eansed by depolarization of atria. _ 

Regulation of Heart Function 

a. Write the answers that mateh the statements in the spaees at the right. 

1) Term for the volnme of blood pnmped from eaeh 

ventriele in 1 min. _ 

2) Term for the volnme of blood pnmped from eaeh 

ventriele in one eontraetion. _ 

3) If the heart rate is 65 beats/min and the stroke 

volnme is 70 ml/beat, what is the eardiae ontpnt? _ 

4) Antonomie eenter eontrolling heart rate and foree 

of eontraetion. _ 

5) ANS division whose nerve impnlses inerease heart rate. _ 

6) ANS division whose nerve impnlses deerease heart rate. _ 

7) Gender with faster heart rate. _ 

8) Nerve earrying parasympathetie axons to the heart. _ 

b. Mateh the effeet on heart rate with the faetors listed. 

1) inereases 2) Deereases 3) No effeet 

_Epinephrine _Excess blood 

_Old age _Aeetyleholine 

_Fever _Anxiety 

_Physieal eonditioning _inerease in blood pressnre 


insnffieient blood Ca^“^ 
Excitement 
Thyroxine 
Norepinephrine 
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5. Types of Blood Vessels 

Write the terms or the names of the strnemres that mateh the statements in the spaees at the right. 

1) Gomposed of endothelinm and a layer of areolar 

eonneetive tissne. _ 

2) Vessels with thiekest walls. _ 

3) Vessels with valves. _ 

4) Garry blood from eapillaries to heart. _ 

5) Garry blood from heart to eapillaries. _ 

6) Vessels exchanging materials with tissnes. _ 

7) Smallest and most nnmerons vessels. _ 

8) Foree moving flnid from blood to interstitial flnid. _ 

9) Foree moving flnid from interstitial flnid to blood. _ 

10) Proeess moving dissolved snbstanees between 

eapillaries and interstitial flnid. _ 

6. Blood Flow and Blood Pressure 

a. Write the answers that mateh the statements in the spaees at the right. 

1) Systemie vessel with fastest blood flow. _ 

2) Vessels with slowest blood flow. _ 

3) Systemie vessel with greatest blood pressnre. _ 

4) Primary foree moving blood. _ 

5) Two additional forees that help retnrn venons 
blood to the heart. 


6) Average healthy systolie blood pressnre. _ 

7) Average healthy diastolie blood pressnre. _ 

8) Antonomie eenter eontrolling diameter of 

blood vessels. _ 

9) The term for the differenee between the systemie 

and diastolie blood pressnres. _ 

10) Effeet on preeapillary sphineters by a loeal deerease 

in oxygen and pH. _ 

11) Effeet on preeapillary sphineters by sympathetie 

nerve impnlses. _ 

b. indieate whether the following eonditions eanse an inerease (+) or deerease (—) in blood pressnre. 

_An inerease in peripheral resistanee. 

_A marked deerease in blood volnme. 

_A deerease in eardiae ontpnt. 

_Dilation of a great many arterioles. 
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_A signifieant inerease in plasma proteins. 

_Sympathetie nerve impnlses to arterioles. 

_eonstrietion of most arterioles. 

_An inerease in heart rate. 

7. Circulation Pathvvays 

Traee the pathway of blood from a ventriele of the heart to the organ indieated and baek to an atrinm of the 
heart. Write the names of the eorreet heart ehambers, arteries, and veins in the blanks. 

1) Right snperfieial little finger. 

Left ventriele ^ ^ ^ 


right little finger 


2) Small intestine. 


small intestine 


atrmm. 


ventriele 


liver ^_ 

right atrinm. 
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8. Systemie Arteries 

Label the figure by writing the names 
of the numbered arteries in the spaees. 

1 )_ 

2 )_ 

3 ) _ 

4 ) _ 

5 ) _ 

6 ) _ 

7 ) _ 

8 ) _ 

9 )_ 

10 )_ 

11 )_ 

12 )_ 

13 ) _ 

14 ) _ 

15 ) _ 

16 ) _ 

17 ) _ 

18 ) _ 

19 ) _ 

20 ) _ 

21 )_ 

22 )_ 

23 ) _ 

24 ) _ 

25 ) _ 

26 ) _ 

27 ) _ 

28 ) _ 

29 ) _ 

30 ) _ 






























































































9. Systemie Veins 

Label the figure by writing the names 
of the numbered veins in the spaees. 

1 )_ 

2 )_ 

3 ) _ 

4 ) _ 

5 ) _ 

6 ) _ 

7 ) _ 

8 ) _ 

9 )_ 

10 )_ 

11 )_ 

12 )_ 

13 ) _ 

14 ) _ 

15 ) _ 

16 ) _ 

17 ) _ 

18 ) _ 

19 ) _ 

20 ) _ 

21 )_ 

22 )_ 

23 ) _ 

24 ) _ 

25 ) _ 

26 ) _ 

27 ) _ 

28 ) _ 

29 ) _ 

30 ) _ 

31 ) _ 
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10. Disorders of the Heart and Blood Vessels 


Write the disorders deseribed by the statements in the spaees at the right. 

1) Unusual heart sounds. _ 

2) Hardening of the arteries. _ 

3) Death of a portion of the myocardium. _ 

4) Abnormal heart rhythm. _ 

5) Inflammation of a vein. _ 

6) ehronie high blood pressure. _ 

7) Swollen veins due to defeetive valves. _ 

8) Balloonlike enlargement of blood vessel. _ 

9) Fatty deposits along the walls of arteries. _ 

10 ) Edema of lungs, viseera, legs, and feet. _ 



eiinieal Insights 



a. A 60-year-old man eomplains of ehest pain during moderate exercise. The pain goes away afeer he rests for a 

while. What is the likely cause of the pain?_ 

Without treatment, what eomplieations may arise?_ 



An aeeident vietim has lost eonsiderable blood. His blood pressure is only slightly below normal, and his 
pulse rate is elevated. How is the body eompensating for the loss of blood?_ 


e. A patient has a blood elot in the right femoral vein. If a part of the elot should break loose, where is it likely 
to lodge?_ 

Would this be a serious eomplieation?_Explain._ 


























STUDY GUIDE 


1. Lymph and Lymphatie Vessels 

a. Write the answers that mateh the statements in the spaees at the right. 

1) Flnid within interstitial spaees. _ 

2) Flnid within lymphatie vessels. _ 

3) Smallest lymphatie vessels. _ 

4) Lymphatie vessels draining large body regions. _ 

5) Forms wall of lymphatie eapillaries. _ 

6) Lymphatie duct draining superior right portion 

of the body. _ 

7) Lymphatie duct draining snperior left portion 

of the body and all tissue inferior to the diaphragm. _ 

8) Prevent backflow of lymph. _ 

9) Provide forees that move lymph. (4 answers) _ 


10) Reeeives lymph from thoraeie duct. _ 

11) Empties into right snbelavian vein. _ 

12) Vessels eolleeting interstitial fluid. _ 

13) Source of interstitial fluid. _ 

b. Explain the value of the lymphoid system eolleeting interstitial fluid and retnrning it to the blood. 


2. Lymphoid Organs 

Write the answers that mateh the statements in the spaees at the right. 

1) Site of origination of all lymphoeytes eells in adults. _ 

2) Grouped along larger lymphatie vessels. _ 

3) Bilobed gland loeated snperior to the heart. _ 

4) Large lymphoid organ loeated near stomaeh. _ 

5) Organs that filter lymph. _ 

6) Lymphoid organ that filters blood. _ 

7) Site where T eells beeome immnnoeompetent. _ 

8) Vessels earrying lymph into a lymph node. _ 

9) Vessels earrying lymph out of a lymph node. _ 

10) Gontains a reserve supply of RBCs and platelets. _ 

11) Hormones that promote T eell mamration. _ 
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3. Lymphoid Tissues 

Write the answers that mateh the statements in the spaees at the right. 

1) Tonsil on the base of the tongne. _ 

2) Tonsil loeated posterior to nasal eavity. _ 

3) Lymphoid nodnles within the mneosae of respiratory, 

digestive, nrinary, and reprodnetive traets. _ 

4. Nonspeeifie Resistanee 

Mateh the type of nonspeeifie resistanee with the statements. 


1) Meehanieal barriers 

3) Phagoeytosis 

5) Fever 

2) ehemieals 

4) Inflammation 


Skin 


Hish bodv temperamre 

Mucus 


Attraets nentrophils and monoevtes 

Lvsozvme 


Tissue maerophase svstem 

Mucous membranes 


Flow of saliva 

Aeidie pH 


Nemrophils and maerophases 

Gastrie iuice 


inereases loeal blood supplv 

Interferon 


eiot seals off pathosens 

Prodnees edema 


Speeds up bodv proeesses 

Pus formation 


Pathosens are enmlfed and disested 

Flow of tears 

Release of histamine 


Gomplement fixation 


5. Immunity 

a. indieate whether the following statements are true (T) or false (F). 

1) Immunity is resistanee against speeifie pathogens. 

2) Baeterial toxins are nentralized by eelTmediated immnnity. 

3) Diseased body eells are destroyed by antibody-mediated 
immnnity. 

4) Immnnity requires lymphoeytes to distinguish between self 
and nonself moleenles. 

5) Antigens are moleenles that cause an immune response. 

6) IJndifferentiated lymphoeytes are prodneed in the spleen. 

7) All lymphoeytes differentiate in the thymus. 

8) The majority of lymphoeytes in the blood are T eells. 

9) Differentiation of lymphoeytes occurs throughout life. 

10) T eells provide eelTmediated immunity. 

11) B eells provide antibody-mediated immnnity. 

12) Lymphoeyte reeeptors for speeifie antigens are inherited. 
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13) Lymphoeyte reeeptors are formed by eontaet with speeifie antigens. _ 

14) There are thonsands of different types of B and T eells, and 

eaeh type responds to a different speeifie antigen. _ 

15) Immnnity depends upon lymphoeytes whose reeeptors fit 

with a speeifie antigen. _ 

16) Immunity involves the interaetion of lymphoeytes, antigens, 

and antigen-presenting eells. _ 

17) At any one time, either eell-mediated immnnity or antibody- 

mediated immnnity is at work-never both at the same time. _ 

18) Proliferation of immnnoeompetent lymphoeytes occurs in the thymus. _ 

b. Write the words that eomplete the sentenees deseribing eell-mediated immnnity in the spaees at the right. 


Cell-mediated immnnity begins when a/an 1 1) 

engnlfs a foreign antigen and displays part of 2) 

the 2 , in eombination with its own self 3 , 3) 

on its plasma membrane. A T eell, which reeognizes 4) 
this 4 , binds to the antigen and the APC self 5) 

proteins and beeomes 5 . The aetivated T eell 6) 

nndergoes repeated mitotie divisions to form a 6 7) 

of identieal T eells. An aetivated helper T eell yields 8) 

a elone of aetive helper T eells and 7 T eells. An 9) 

aetivated cytotoxic T eell yields a elone of aetive 8 10 ) 

T eells and memory T eells. 11) 

Aetive helper T eells seerete 9 that stimnlate 12) 
phagoeytosis and aetivity of B and T eells. 10 


T eells are essential in starting an immune response by 
T eells and B eells. Aetive 11 T eells bind to eells 
with the targeted antigen and release a lethal dose 
of ehemieals to kill the eell. Afeer the pathogen has 
been destroyed, the dormant 12 T eells remain to 
launch a quicker and stronger attaek if the same anti- 
gen reappears in the body. 
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e. Write the words that eomplete the sentenees deseribing antibody-related immnnity in the spaees at 


the right. 

Antibody-mediated immnnity begins when a foreign 


antigen binds to 1 of a B eell. The B eell en| 
and digests the antigens and displays part of the 

nn ir<; 2 ;ìlnncr wirh ir<; nwn <;plf ;ìni 


of a B eell. The B eell engnlfs 


antigens on its 


When a 


3 


along with its own self antigens 
T eell binds to this antigen and self 


protein complex, it seeretes 


4 


that aetivate the B 


eell. The aetivated B eell divides repeatedly prodneing 


a 


5 


of identieal B eells. Most of the B eells in the 


elone beeome 6 , but some beeome 


7 


B eells. 


Plasma eells rapidly produce and release 


8 


which eirenlate in blood and other body fluids 
binding to the targeted antigens so they are more 


easily destroyed by 


9 


and by other means. Afeer 


the pathogen has been destroyed. 


10 


B eells 


remain to launch an even quicker and stronger attaek 
if the same antigen reenters the body. 


1 ) 

2 ) 

3) 

4) 

5) 

6 ) 

7) 

8 ) 

9) 

10 ) 


d. Mateh the antibodies with the statements. More than one answer may apply. 

IgA IgD IgE IgG IgM 

1) Most abnndant antibody in the blood. _ 

2) Fixes eomplement to antigens. _ 

3) Serves as reeeptors on B eells. _ 

4) Involved in allergie reaetions. _ 

5) Transferred to ehild via mother’s milk. _ 

6) Transferred to fems via plaeenta. _ 

7) Binds with antigens. _ 

8) Proteets mucous membranes. _ 

9) Nentralizes toxins. _ 


6. Immune Responses 

a. Mateh the immune responses with the statements. 

1) Primary immune response 2) Seeondary immune response 

_Occurs when an antigen is eneonntered for the first time. 

_Occurs in subsequent eneonnters with same antigen. 

_Resnlts from aetivation of memory eells. 

_The more rapid and intense response. 
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b. Mateh the types of immunity with the statements. 

1) Namrally acquired aetive 3) Namrally acquired passive 

2) Artifieially acquired aetive 4) Artifieially acquired passive 

_Immunity from antibodies reeeived in mothehs milk. 

_Immunity from a vaeeine of dead pathogens. 

_Immunity after having the disease and reeovering. 

_Immunity from injeeted antibodies. 


Rejeetion of Organ Transplants 

Write the answers that mateh the statements in the spaees at the right. 

1) The type of antigen on the surface of WBCs that 

must be matehed between organ donor and reeipient. _ 

2) The type of drugs given to prevent rejeetion. _ 


Disorders of the Lymphoid System 

Write the answers that mateh the statements in the spaees at the right. 

1) Mieroseopie worms plug lymphatie vessels. _ 

2) An abnormally intense immune reaetion. _ 

3) HIV destroys helper T eells. _ 

4) A mmor of lymphatie tissue. _ 

5) Inflammation of the tonsils. _ 

6) Lymphoeytes attaek own body tissues. _ 

7) Allergy attaek that involves entire body. _ 

8) Transmitted via blood exchanges and sexual intercourse. _ 


eiinieal Insights 



a. Mary is a groeery eheeker with no evidenee of heart disease. She eomplains that when she eomes home from 
work, her feet and legs are swollen and sometimes painful. In the morning, the swelling is gone. How do you 
explain this?_ 


b. The AIDS virus attaeks helper T eells. Explain how this, in time, causes immunodeficiency. 


e. Infants typieally reeeive a series of three DTaP injeetions (vaeeinations against three infectious diseases) 
followed by a booster shot at four to six years of age. Explain the value of the booster shot._ 
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1. Structures of the Respiratory System 

a. Label the parts of the upper respiratory traet by plaeing the numbers of the structures by the eorreet labels. 


Auditory tube 
Epiglottis 
Esophagus 
Hyoid 

Inferior nasal eoneha 

Laryngopharynx 

Larynx 

Lingnal tonsil 


Middle nasal eoneha 
Nasal eavity 
Nasopharynx 
Nostril 

Olfaetory mucosa 
Oral eavity 
Oropharynx 
Palate, hard 


Palate, sofe 
Palatine tonsil 
Pharyngeal tonsil 
Snperior nasal eoneha 
Sinus, frontal 
Sinus, sphenoidal 
Tongue 
Traehea 
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b. Label the parts of the lower respiratory traet by plaeing the nnmbers of the strnetnres by the eorreet labels. 

_Bronehns, lobar (2 answers) _Left main bronehns _Right main bronehns 

_Bronehns, segmental (2 answers) _Left snperior lobe _Right middle lobe 

_Diaphragm _Parietal plenra _Right snperior lobe 

_Larynx _Plenral eavity _Traehea 

_Left inferior lobe _Right inferior lobe _Viseeral plenra 



e. Write the words that eomplete the sentenees in the spaees at the right. 


Air enters the nasal eavity via the 1 , 1) 

and it is 2 , 3 , and 4 as it flows 2) 

over the nasal mneosae. Mucus and 3) 

entrapped partieles are moved by 4) 

5 to the 6 and are swallowed. 5) 

6 ) 


d. Write the names of the strnemres that mateh the statements in the spaees at the right. 

1) Openings allowing air to enter nose. _ 

2) Internal ehamber of nose. _ 

3) Separates oral and nasal eavities. _ 

4) inerease snrfaee area of nasal eavity. _ 
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5) Gonneets nasal eavity with larynx. _ 

6) Air-filled eavities in sknll bones. _ 

7) Lymphoid tissne in snperior pharynx. _ 

8) Lymphoid tissne at jnnetion of pharynx 

and oral eavity. _ 

9) Gartilaginons box eontaining voeal folds. 

10) Opening between voeal folds. _ 

11) Gartilage forming Adam's apple. _ 

12) Folds over larynx opening in swallowing. _ 

13) Air passageway extending from larynx to bronehi. _ 

14) Bronehi that enter Inngs. _ 

15) Snpport walls of bronehi. _ 

16) Lines air passageways larger than bronehioles. _ 

17) Tiny air saes at ends of alveolar dnets. _ 

18) Membrane eovering external snrfaee of lung. _ 

19) Membrane lining internal wall of thoraeie eage. _ 

20) Potential spaee between pleurae. _ 

2. Breathing 

a. Write the words that eomplete the sentenees in the spaees at the right. 


Air flows into the lungs during 1 and out 1) 

of the lungs during 2 . During breathing, 2) 

air flows from an area of 3 pressnre to an 3) 

area of 4 pressnre. During quiet inspiration, 4) 

eontraetion of the 5 and the 6 causes 5) 

an inerease in the 7 of the thoraeie eavity 6) 

and lungs, which deereases the air 8 within 7) 

the lungs. Air flows into the lungs beeanse of 8) 

the 9 atmospherie pressnre. When the 9) 

mnseles of inspiration relax, the 10 of the 10) 

thoraeie eavity and lungs is deereased, which 11) 

inereases the air 11 within the lungs. Air 12) 

flows out of the lungs beeanse of the 12 air 

pressnre within the lungs. 


b. indieate whether eaeh statement is true (T) or false (F). 

_Negative pressure in the plenral eavity is neeessary for expiration. 

_Snrfaetant prevents eollapse of alveoli. 

_Foreefnl expiration involves eontraetion of abdominal mnseles and external intereostals. 

_Pneumothorax causes eollapse of a lung. 

_Breathing exchanges air between the atmosphere and the alveoli of the lungs. 
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Respiratory Volumes and Capacities 

Mateh the respiratory volumes and eapaeities with the statements. 

1) Expiratory reserve volume 4) Tidal volume 

2) Inspiratory reserve volume 5) Total lung eapaeity 

3) Residnal volume 6) Vital eapaeity 

_Volume of air exhaled in quiet expiration. 

_Air that remains in the lungs after maximum foreehil expiration. 

_Volume foreehilly exhaled after quiet expiration. 

_Volume foreehilly inhaled afeer quiet inspiration. 

_Maximum volume foreehilly exhaled after maximum foreehil inspiration. 

_Averages about 500 ml. 

_Averages about 5,800 ml. 

Control of Breathing 

Write the terms that mateh the statements in the spaees at the right. 

1) Name the two respiratory eontrol eenters loeated 

in the mednlla oblongata. _ 

2) Name the respiratory eontrol eenter in the pons. _ 

3) Gontrols rhythmie, quiet breathing. _ 

4) Integrates sensory inputs and sends nerve impnlses 

to the VRG to modify breathing eyeles. _ 

5) Reeeives input from higher brain areas and relays nerve 

impnlses to the DRG to modify breathing eyeles. _ 

6) Gontrols volnntary ehanges in the breathing eyele. _ 

7) Occurs when the VRG sends nerve impnlses to the 

mnseles of breathing. _ 

Faetors lnfluencing Breathing 

indieate whether eaeh statement is true (T) or false (F). 

_A fever inereases the breathing rate. 

_The respiratory rhythmieity eenter deteets blood levels of earbon dioxide and oxygen. 

_An inerease in the blood eoneentration inereases the breathing rate. 

_A mild inerease in blood oxygen eoneentration deereases the breathing rate. 

_An inerease in blood GO^ eoneentration inereases the breathing rate. 

_Higher brain eenters ean permanently override the aetion of the respiratory rhythmieity eenter. 

_Ghemoreeeptors for blood oxygen are loeated in the earotid and aortie bodies. 

_A very low blood oxygen eoneentration inereases the breathing rate. 
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6. Gas Exchange 

Write the words that eomplete the sentenees in the spaees at the right. 


The exchange of respiratory gases oeenrs 1) 

by 1 . In eomparison to the air in the 2) 

alveoli, blood remrning to the Inngs has a lower 3) 

eoneentration of 2 and a higher eoneentration 4) 

of 3 . Therefore, oxygen diffnses from the 4 5) 

into the 5 , and earbon dioxide diffnses from 6) 

the 6 into the 7 . Blood leaving the Inngs 7) 

is 8 -rieh and 9 -poor. 8) 

In eomparison to eoneentrations in tissne 9) 

eells, blood entering systemie eapillaries has 10) 

a lower eoneentration of 10 and a higher 11) 

eoneentration of 11 . Therefore, oxygen 12) 

diffnses from the 12 into the interstitial flnid 13) 

before entering the 13 , and earbon dioxide 14) 

diffnses from the 14 into the interstitial flnid 15) 

before entering the 15 . Blood leaving systemie 16) 

eapillaries is 16 -rieh and 17 -poor. 17) 


7. Transport of Respiratory Gases 

a. Use symbols (O^ and GO^) and arrows to show the direetion of diffnsion for respiratory gases between blood 
in systemie eapillaries and tissne (not lung) eells. 



b. Write the terms that mateh the statements in the spaees at the right. 

1) Compound used to transport most oxygen. _ 

2) Cell in which most oxygen is transported. _ 

3) Snbstanee that earries most GO^. _ 

4) eombination of hemoglobin and GO^. _ 

5) Enzyme speeding up reaetion of GO^ and H^O 

to form earbonie aeid. _ 

6) Cell in which most earbonie aeid is formed. _ 
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e. Indieate whether eaeh statement is true (T) or false (F). 

_Hemoglobin ean earry both and GO^ at the same time. 

_Oxygenated blood earries some earbon dioxide. 

_Deoxygenated blood earries some oxygen. 

_Hemoglobin loads or unloads oxygen, depending on the surrounding oxygen eoneentration. 

_Oxygen and earbon dioxide eompete for the same binding site on the hemoglobin moleenle. 

_Blood loads or nnloads GO^ depending upon the surrounding earbon dioxide eoneentration. 


8. Disorders of the Respiratory System 

Write the disorders that mateh the statements in the spaees at the right. 

1) Accumulation of fluid in the lungs. _ 

2) Inflammation of the bronehi. _ 

3) Rupture of alveoli due to exposure to airborne irritants. _ 

4) Acute inflammation of alveoli due to viral or baeterial 

infeetion. _ 

5) Gollapse of alveoli in infants due to an insnffieient amount 

of snrfaetant. _ 

6) Wheezing, labored breathing due to eonstrietion 

of bronehioles. _ 

7) Viral disease eharaeterized by fever, ehills, aehes, and 

eoldlike symptoms. _ 

8) Disorder eharaeterized by a rednetion of the respiratory 

snrfaee area and deerease in the expiratory reserve volume. _ 

9) Inflammation of nasal mneosae. _ 

10) Bloekage of a small artery in lung by a transported 

blood elot. 


9. eiinieal Insights 




One treatment for hyperventilation is having the patient breathe into a paper bag. How does this reestablish 
normal breathing?_ 


b. A newborn infant, born a month early, is having diffienlty breathing and is plaeed under an hood. What 

is the probable problem?_ 

Should the infant reeeive pure oxygen or an oxygen-carbon dioxide mixture?_ 

Explain._ 

























STUDY GUIDE 


1. Digestion: An Overvievv 

Indieate the snbstanees that perform these roles in ehemieal digestion. 

1) Added to complex, nonabsorbable food moleenles to split 

them into smaller, absorbable nntrient moleenles. _ 

2) Speed up hydrolysis of food molecules. _ 


2. Alimentary Oanal: General Characteristics 



Label the parts of the digestive system by plaeing the nnmbers of the strnemres in the spaees by the eorreet 
labels. 



Anus 

Appendix 

Cecum 

Colon, aseending 

Colon, deseending 

Colon, sigmoid 

Colon, transverse 

Bile duct 

Duodenum 

Esophagus 

Gallbladder 

Jejunum 

Liver 

Mouth 

Palate 

Panereas 

Parotid gland 

Pharynx 

Reemm 

Stomaeh 

Sublingual gland 

Submandibular gland 

Tongue 

Tooth 


b. List the layers of the wall of the alimentary eanal from the deepest to the most snperfieial. 

1 ) _ 3 )_ 

2 ) _ 4 )_ 

e. What eontraetions propel food throtigh the alimentary eanal?_ 
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3. Mouth 


a. Label the figure by plaeing the numbers of the structures in the spaees by the eorreet labels. 



Alveolns 

Gement 

Crown 

Dentin 

Enamel 

Gingiva 

Neek 

Periodontal ligament 
Pulp eavity of the crown 
Root 

Root eanal 


b. Write the terms that mateh the statements in the spaees at the right. 

1) Form lateral walls of the mouth. 

2) Separates oral and nasal eavities. 

3) Manipnlates food during chewing. 

4) Tiny projeetions eontaining taste buds. 

5) Number of deciduous and permanent teeth. (2 answers) 

6) Teeth used to bite off pieees of food. 

7) Teeth used to grasp and tear food. 

8) Teeth used to crush and grind food. 

9) Three pairs of salivary glands. 

10) eieanses and inbrieates mouth. 

11) Salivary enzyme aeting on polysaeeharides. 

12) Prodnet of polysaeeharide digestion in mouth. 

13) Saliva seeretion is stimnlated by a_-feedbaek meehanism. 
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4. Pharynx and Esophagus 

Write the terms that mateh the statements in the spaees at the right. 

1) Tube earrying food to the stomaeh. 

2) Relaxes to let food enter stomaeh. 

3) Garries food from mouth to esophagus. 

4) Govers laryngeal opening in swallowing. 

5. Stomaeh 

Write the terms that mateh the statements in the spaees at the right. 

1) Region of stomaeh joining esophagns. 

2) Region of stomaeh joining duodenum. 

3) Glands of mucosa seereting gastrie juice. 

4) Hormone stimnlating gastrie seeretion. 

5) Hormones inhibiting gastrie seeretion. 

6) Antonomie nerve impnlses stimnlating gastrie seeretion. 

7) Gastrie enzyme aeting on triglyeerides. 

8) Aeid in gastrie juice. 

9) Gastrie enzyme aeting on proteins. 

10) Gastrie enzyme enrdling milk proteins. 

11) Prodnets of gastrie protein digestion. 

12) Gastrie snbstanee enabling absorption of vitamin B12 by small intestine. 

6. Panereas 

Write the terms that mateh the statements in the spaees at the right. 

1) Garries panereatie juice from panereas to duodenum. 

2) Two hormones stimnlating seeretion of panereatie juice. 

3) Source of these hormones. 

4) Panereatie enzyme aeting on polysaeeharides. 

5) Prodnet of panereatie polysaeeharide digestion. 

6) Panereatie enzyme aeting on triglyeerides. 

7) Prodnets of panereatie triglyeeride digestion. 

8) Panereatie enzyme aeting on proteins. 

9) Prodnets of panereatie protein digestion. 
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7. Liver 


a. Label the figure by plaeing the numbers of the structures in the spaees by the eorreet labels. 



Interlobnlar bile ductule 

Braneh of the hepatie artery proper 

Braneh of the hepatie portal vein 

Gentral vein 

Intestines 

Hepatoeytes 

Hepatie sinnsoid 

Hepatie triad 

Hepatie vein 


b. Write the terms that mateh the statements in the spaees at the right. 

1) Mineral stored in the liver that is needed for hemoglobin 
prodnetion. 

2) Vessels earrying blood to liver: 

a) earries oxygenated blood. 

b) earries deoxygenated, nutrient-rich blood. 

3) Vessel earrying blood from liver. 

4) Strnemral and hmetional units of the liver. 

5) Spaees in a hepatie lobule reeeiving blood from branehes 
of the hepatie artery proper and hepatie portal vein. 

6) Vessels in hepatie lobnles that merge to form the hepatie vein. 

7) Garbohydrate stored in liver. 

8) Seeretion formed by liver. 

9) Stores excess bile. 

10) Garries bile to duodenum. 

11) Hormone eontraeting gallbladder. 

12) Bile eomponent emnlsifying fats. 

13) Bile eomponent from hemoglobin breakdown. 
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8. Small Intestine 


a. Label the figure by plaeing the numbers of the structures in the spaees by the eorreet labels. 

Arteriole 

Blood eapillary network 
Intestinal gland 



Laeteal 

Lymphatie vessel 

Simple eolnmnar epithelinm 

Venule 

Villus 


b. Write the terms that mateh the statements in the spaees at the right. 

1) Segment continuous with the stomaeh. 

2) Segment continuous with the cecum. 

3) Membranes snpporting small intestine. 

4) Relaxes to allow ehyme to enter the small intestine. 

5) Seeretion of intestinal glands. 

6) Fingerlike projeetions of the mucosa. 

7) Mieroseopie folds of exposed epithelial eell membranes. 

8) Hormone released by mucosa due to presenee of lipid-rieh ehyme. 

9) Hormone released by mucosa due to presenee of aeidie ehyme. 

10) _nerve impnlses stimnlate an inerease 

in the rate of intestinal seeretions. 

11) Enzyme aeting on snerose. 

12) End prodnets of snerose digestion. 

13) Enzyme aeting on laetose. 

14) Enzyme aeting on maltose. 

15) End prodnet of maltose digestion. 

16) End prodnets of laetose digestion. 

17) Enzyme aeting on peptides. 

18) End prodnets of peptide digestion. 
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e. Write the terms that eomplete the sentenees in the spaees at the right. 


Monosaeeharides and amino aeids are absorbed into the 1) 

1 networks of the 2 . To be absorbed, monoglyeerides 2) 

and fatty aeids are first rennited to form 3 inside 4 3) 

eells. einsters of triglyeerides are eoated with protein, 4) 

forming 5 that enter the 6 of the 7 . These 5) 

protein-eoated lipid elnsters are then passed from lymph 6) 

into blood at the 8 vein. 7) 

8 ) 

9. Large Intestine 


Write the terms that mateh the statements in the spaees at the right. 

1) Ponehlike first part of large intestine. 

2) External opening of large intestine. 

3) Golon segment along left side of abdominopelvie eavity. 

4) Golon segment along right side of abdominopelvie eavity. 

5) S-shaped eolon segment eontinnons with reemm. 

6) Wormlike extension of eeenm. 

7) Involnntarily eontrolled anal sphineter. 

8) Volnntarily eontrolled anal sphineter. 

9) Deeompose nndigested materials. 

10) Flnid absorbed by large intestine. 

11) Relaxes to allow ehyme to enter eeenm. 

12) Reflex aetivated by filling of reemm with feees. 

10. Nutrients: Sources and Uses 

Write the terms that mateh the statements in the spaees at the right. 

1) Proeess prodneing ATP from energy foods. 

2) Plant polysaeeharide providing fiber. 

3) Preferred energy sonree for body eells. 

4) Organs regnlating blood glneose levels. 

5) Most eommon lipids in the diet. 

6) Type of fats eommon in animal foods. 

7) Type of fats eommon in plant foods. 

8) Lipid abnndant in egg yolks. 

9) Lipid used to form steroid hormones. 

10) Lipid forming much of plasma membranes. 

11) Moleenles transporting lipids in blood. 


12) ehemieal eonverted by the liver into urea. 

13) Amino aeids that eannot be made by liver. 
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14) Water-soluble vitamin needed to synthesize proteins and form antibodies. 

15) Vitamin essential for the formation of prothrombin. 

16) Mineral required for blood elotting and bone formation. 


11. Disorders of the Digestive System 

Write the names of the disorders that mateh the statements. 

1) Inflammation of the large intestine that permanently 
ehanges intestinal tissues. 

2) Self-induced starvation due to an abnormal eoneern about weight eontrol. 

3) Deeay of the teeth due to aeids formed by eertain oral mieroorganisms. 

4) Dry, hard feees making defeeation difficult. 

5) Grystallization of eholesterol in bile within the gallbladder. 

6) Replaeement of destroyed hepatoeytes by dense irregular 
eonneetive tissue. 

7) Repeated overeating and purging. 

8) Inflammation of the liver. 

9) Inflammation, bleeding, and degeneration of the gingivae, 
alveolar proeesses, and alveolar areh. 

10) Watery feees due to excessive peristalsis. 

11) Enlarged and inflamed veins in anal eanal. 

12) Inflammation of the appendix. 

13) Inflammation of the peritoneum. 

14) Inflammation of eolon diverticula. 



eiinieal Insights 



a. Severe diarrhea in infants or small ehildren ean be a life-threatening event. Explain why. 



A patient is found to have a gastrie ulcer. Antibioties and a drug to reduce the seeretion of gastrie juice are 
preseribed. Explain the basis for the preseriptions._ 


What serious results may occur with an untreated ulcer?_ 

e. A patient is admitted to the emergeney room eomplaining of severe and spasmodie pain in the epigastrie 
region, and the whites of his eyes are yellowish. He informs the physieian that he has had similar but milder 
pains after meals for four to six weeks. What is the likely problem and the likely solution?_ 
































STNDY GUIDE 


1. LJrinary System, General 

a. Label the figure by plaeing the numbers of the structures in the spaees by the eorreet labels. 

_Abdominal aorta _Kidney _IJreter 

_Inferior vena eava _Renal artery IJrethra 

_Hilum _Renal vein IJrinary bladder 


1 


2 


3 


9 


b. Write the names of the organs that mateh the fnnetions in the spaees at the right. 

1) Stores urine temporarily. _ 

2) Prodnees urine. _ 

3) Garries urine to the external environment. _ 

4) Garries urine away from the kidneys. _ 

5) Maintains eomposition and volume of 

body fluids. _ 



2. Functions of the LJrinary System 

indieate whether eaeh statement is true (T) or false (F). 

_The urinary system helps regnlate blood eleetrolyte levels. 

_The nrinary system regnlates respiration. 

_The nrinary system prodnees hormones. 

_Urea, uric aeid, and ereatinine are earbohydrate wastes. 
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3. Anatomy of the Kidneys 

a. Write the names of the strnemres that mateh the statements in the spaees at the right. 

1) Snperfieial layer eontaining renal eorpnseles. _ 

2) Layer eontaining renal pyramids. _ 

3) Fnnnel-like eavity eontinnons with nreter. _ 

4) Reeeptaeles snrronnding renal papillae. _ 

5) Thin layer of eonneetive tissne enveloping 

kidney. _ 

6) Gapillaries in renal eorpnsele. _ 

7) Fnnetional nnits of the kidneys. _ 

8) Ll-shaped segment of renal tnbnle. _ 

9) Segment of renal tubule joined to glomernlar 

eapsnle. _ 

10) Segment of renal tubule joined to a eolleeting duct. _ 

11) Formed of modified eells at point of eontaet 
between the aseending limb with the afferent and 

efferent glomernlar arterioles. _ 

b. Label the figure by plaeing the nnmbers of the strnemres in the spaees by the eorreet labels. 



Fibrons eapsnle 
Major calyx 
Minor calyx 
Renal column 
Renal cortex 
Renal mednlla 
Renal papilla 
Renal pelvis 
Renal pyramid 
IJreter 


10 
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e. Label the figure by plaeing the numbers of the structures in the spaees by the eorreet labels. 



Aseending limb 
Afferent glomernlar 
arteriole 
eolleeting duct 
Deseending limb 
Distal eonvolnted tubule 
Efferent glomernlar 
arteriole 

Glomernlar eapsnle 
Glomerulus 
Nephron loop 
Peritubular eapillary 
Proximal convoluted 
tubule 
Vasa reeta 


Urine Formation 

a. Write the words that eomplete the sentenees in the spaees at the right. 


IJrine formation begins with 1 , which forees 1) 

water and diffnsible solntes from blood plasma into 2) 

the glomernlar 2 . As the tubular fluid moves 3) 

along the renal tubule, useful solutes are returned to 4) 
blood in the 3 by 4 and eertain solntes are 5) 

moved from blood into the tubular fluid by 5 . 6) 

Goneentrated urine is formed by the reabsorption 
of 6 from the eolleeting duct and DCT. 


b. Write the words that eomplete the sentenees in the spaees at the right. 


A deerease in the glomernlar filtration rate 1) 

causes the 1 complex to seerete 2 , 2) 

which triggers the 3 _ 4 meehanism. The 3) 

end prodnet of these reaetions is 5 , which 4) 

inereases systemie blood pressnre by 6 5 ) 

arterioles, stimnlating 7 seeretion by the 6) 

posterior lobe of the pimitary gland, and 7) 

stimnlating 8 seeretion by the adrenal cortex. 8) 
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e. Write the terms that mateh the statements in the spaees at the right. 

1) Three homeostatie proeesses that maintain the 

glomernlar filtration rate. _ 


2) Plasma eomponent that eannot pass throngh 

glomernlar pores. _ 

3) Foree prodneing filtration. _ 

4) Flnid in glomernlar eapsnle. _ 

5) Reeovery of needed materials from mbnlar 

flnid into the blood. _ 

6) Volnme of glomernlar filtrate formed per day. _ 

7) Method of transport of sodinm ions. _ 

8) Method of transport of water. _ 

9) Method of transport of glneose. _ 

10) Method of transport of ehloride ions. _ 

11) Proeess moving snbstanees from blood in the 

perimbnlar eapillary into the mbnlar flnid. _ 

d. indieate whether eaeh statement is tme (T) or false (F). 

_IJrine eontains waste and excessive materials removed from the blood. 

_IJrine formation depends upon maintenanee of the blood pressure within the perimbnlar eapillaries. 

_Most of the tubular fluid volume is seereted. 

_Negatively eharged ions and positively eharged ions are eleetroehemieally attraeted to eaeh other. 

_The aetive reabsorption of sodium ions inereases the rate of water reabsorption by osmosis. 

5. Excretion of Drine 

a. Write the terms that mateh the statements in the spaees at the right. 

1) Garry urine to nrinary bladder. _ 

2) Muscle in wall of nrinary bladder. _ 

3) Method of urine transport by nreters. _ 

4) Type of muscle tissue eomposing the internal 

nrethral sphineter. _ 

5) Type of muscle tissue eomposing the external 

nrethral sphineter. _ 

6) Type of muscle tissue in walls of nreters. _ 

b. Write the words that eomplete the sentenees in the spaees at the right. 


The accumulation of 1 stretehes the nrinary 1) 

bladder wall, which triggers the 2 reflex. This 2) 

reflex causes rhythmie involuntary eontraetions of 3) 

the 3 and opens the involnntarily eontrolled 4) 

4 nrethral sphineter. If the volnntarily eontrolled 5) 

5 nrethral sphineter is relaxed, 6 occurs. 6) 
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6. eharaeteristies of Urine 

Indieate whether eaeh statement is true (T) or false (F). 

_The eolor of urine is due to the presenee of urea. 

_The pH of urine is usually slightly aeidie. 

_Normal urine is never alkaline. 

_Normal urine has a speeifie gravity greater than 1.000. 

_Normal urine does not eontain proteins or hemoglobin. 

7. Maintenanee of Blood Plasma Gomposition 

a. Write the terms that mateh the statements in the spaees at the right. 

1) Hormone promoting water reabsorption. _ 

2) Hormone promoting reabsorption of Na^. _ 

3) Hormone promoting seeretion of K^. _ 

4) Hormone deereasing blood level of Ga^"^. _ 

5) Hormones inereasing blood level of Ca^“^. _ 

6) Hormone inhibiting sodium reabsorption. _ 

b. indieate whether eaeh statement is true (T) or false (F). 

_Cellular metabolism does not affeet plasma eomposition. 

_Plasma eomposition is ehanged by the work of kidneys. 

_Eleetrolytes are totally reabsorbed into the blood. 

_About 99% of water in the tubular fluid is reabsorbed. 

_Water is lost from the body only in urine. 

_IJrine volume is reduced when water intake is enrtailed. 

_Perspiring heavily may reduce the volume of urine. 

_Eleetrolyte balanee is largely maintained by the aetive reabsorption of negatively eharged ions. 

_Urea is formed by the kidneys from amine groups. 

_Buffers are ehemieals in body fluids that either eombine with or release hydrogen ions. 

_The prodnetion of earbon dioxide by metabolizing eells tends to make the blood more alkaline. 

_Kidneys help to regnlate the pH of body fluids by seereting excess hydrogen ions into the 

glomernlar filtrate. 

_Water and eleetrolyte balanee in body fluids is essential for normal eell fnnetioning. 

_ADH is released by the posterior lobe of the pimitary gland when the water eoneentration of the 

blood is redneed. 

_Aldosterone is seereted by the adrenal cortex when the eoneentration of K^ in the blood is redneed. 

_ADH inereases the permeability of the vasa reeta to water. 

_Eleetrolyte eoneentrations in the blood affeet the movement of water into eells by osmosis. 

_Atrial natrinretie peptide promotes the reabsorption of sodium ions and the excretion of water to 

deerease blood volume. 
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8. Disorders of the LJrinary System 

Write the names of the disorders matehing the statements in the spaees at the right. 

1) Inflammation of the glomernli. _ 

2) Inflammation of the nrinary bladder. _ 

3) Inflammation of nephrons and renal pelvis. _ 

4) Excessive nrine prodnetion. _ 

5) Kidney stones. _ 

6) Inflammation of the nrethra. _ 

7) Deposits of uric aeid in the renal pelvis. _ 

8) eharaeterized by uremia. _ 

9) eharaeterized by protein in the urine. _ 



eiinieal Insights 



a. A 60-year-oId woman eomes to the elinie with severe edema of her Iower limbs. A dinretie is preseribed, 
and she is plaeed on a salt-free diet. She is also advised to take a 30-minute walk eaeh morning and afternoon 
and to elevate her feet higher than her head for 20-minute periods morning and afternoon. Explain how the 
dinretie will reduce her edema. 


Explain how the salt-free diet will help reduce her edema. 


Explain how elevating her feet and walking will help reduce her edema. 


b. Explain why women develop eystitis more frequently than men. 
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1. Male Reproductive System 


a. Label the figure by plaeing the numbers of the structures by the eorreet labels 


Bulbo-urethral gland 
Corpus cavernosum 
Corpus spongiosum 
Ejaculatory duct 
Epididymis 
Glans penis 
Penis 
Prepnee 


Prostate gland 
Seromm 
Seminal vesiele 
Testis 
IJrethra 

IJrinary bladder 
Vas deferens 



b. Traee the path of sperm from a testis to the external environment by plaeing the nnmbers of the ducts 
the spaees below. 

1) Ejaculatory duct 3) IJrethra 

2) Epididymis 4) Vas deferens 


Testis 


the external environment. 
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e. Write the terms that mateh the statements in the spaees at the right. 

1) Male gonads, or sex glands. _ 

2) Tnbnles prodneing sperm. _ 

3) Gells prodneing testosterone. _ 

4) Proeess of sperm formation. _ 

5) Nnmber of ehromosomes in spermatogonia 

and primary spermatoeytes. _ 

6) Type of eell division forming primary 

spermatoeytes. _ 

7) Type of eell division forming spermatids from 

primary spermatoeytes. _ 

8) Nnmber of ehromosomes in eaeh spermatid. _ 

9) Cell formed from eaeh spermatid. _ 

10) Loeation of nnelens in a sperm. _ 

11) Provides motility for a sperm. _ 

12) Tubule where sperm mamre. _ 

13) Seerete fluid neutralizing aeidity of nrethra 

prior to ejaenlation. _ 

14) Seerete fluid eontaining frnetose. _ 

15) Seeretes fluid aetivating swimming movements 

of sperm. _ 

16) Mixture of glandular seeretions and sperm. _ 

17) Gontains testes ontside the body. _ 

18) Approximate temperatnre of testes required for 

production of viable sperm. _ 

19) Male eopnlatory organ inserted into vagina 

during sexual intercourse. _ 

20) Ereetile tissue in penis surrounding nrethra. _ 

21) Two snperior eolnmns of ereetile tissue in penis. _ 

22) Sheath of skin eovering the glans penis. _ 

2. Male Sexual Response 

Write the words that eomplete the sentenees in the spaees at the right. 


Sexual stimulation causes 1 nerve impnlses 1) 

that stimnlate 2 of the arterioles and 3 of 2) 

the vennles serving the ereetile tissue in the penis. 3) 

Engorgement of the ereetile tissue results in 4 of 4) 

the penis. At the same time, the 5 glands seerete 5) 

an alkaline fluid that neutralizes the 6 of the 6) 

urethra. Continued sexual stimulation resnlts in 7 , 7) 

which is eharaeterized by a sensation of sexual plea- 8) 

sure and 8 , the foreing of 9 out the urethra. 9) 
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3. Hormonal Gontrol of Reprodoetion in Males 

a. Write the terms that mateh the statements in the spaees at the right. 

1) The male sex hormone. _ 

2) Seeretes gonadotropin-releasing hormone. _ 

3) Releases FSH and LH. _ 

4) Hormone stimnlating testosterone seeretion 

by testes. _ 

5) Two hormones that aet together to stimnlate 

spermatogenesis. _ 

6) Stimnlates matnration of male reprodnetive organs. _ 

7) Stimnlates development and maintenanee of 

seeondary sex eharaeteristies. _ 

8) Hormone whose first seeretion triggers onset 

of pnberty. _ 

9) Hormone preventing excess sperm prodnetion 

by inhibiting FSH seeretion. _ 

b. In the spaee below, reeord the nnmbers of the feamres that are the male seeondary sex eharaeteristies. 


1) Mamration of the testes. 

2) Enlargement of the larynx. 

3) Broad shonlders. 

4) Growth of body hair. 

5) Prodnetion of sperm. 


6) inereased metabolie rate. 

7) inereased mnsele development. 

8) inereased RBC prodnetion. 

9) Matnration of the penis. 

10) Deepening of the voiee. 


e. Write the words that eomplete the sentenees in the spaees at the right. 


The prodnetion of testosterone by 1 in the 1) 

testes is regnlated by a 2 feedbaek meehanism. 2) 
When the level of testosterone in the blood deelines, 3) 
seeretion of 3 by the hypothalamns is 4 , 4) 

eansing a(n) 5 in the release of 6 from the 5) 

anterior lobe of the pimitary, which, in mrn, 7 6) 

testosterone prodnetion. As the blood level of 7) 

testosterone inereases, it inhibits 8 prodnetion, 8) 
which deereases the release of 9 , resnlting in 9) 

a(n) 10 in testosterone prodnetion. 10) 
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4. Female Reproductive System 


a. Label the figure by plaeing the numbers of the structures by the eorreet labels 


Cervix 
eiitoris 
Fimbriae 
Labium majus 
Labium minus 
Ovary 


IJrethra 

IJrinary bladder 
IJterine mbe 
Uterus 
Vagina 

Vaginal orifiee 


1 

2 

3 

4 


5 

6 

7 

8 

9 



b. Write the terms that mateh the statements in the spaees at the right. 

1) Prodnees female sex eells. _ 

2) Reeeives penis in sexual intercourse. _ 

3) Holds embryo/fems during pregnaney. _ 

4) Garries seeondary ooeyte toward uterus. _ 

5) Narrow spaee between labia minora. _ 

6) Birth eanal during ehildbirth. _ 






































c. Write the words that eomplete the sentenees in the spaees at 
When a female is born, abont 2 million 1 follieles 

are formed, eaeh eontaining a 2 ooeyte with 3 
ehromosomes. Starting from pnberty, dnring eaeh ovarian 

eyele, abont 20 4 follieles develop into 5 follieles, 

eaeh eontaining a 6 ooeyte snrronnded by a layer of 
enboidal follienlar epithelial eells. Some of these follieles 

fnrther develop into 7 follieles, eaeh eontaining a 8 
ooeyte snrronnded by stratified follienlar epithelial eells. 

A few of these follieles will mrn into 9 follieles, eaeh 
eontaining a 10 ooeyte and flnid-filled spaees. One 
dominant 11 folliele will develop into a 12 folliele 

that eontains a 13 ooeyte and a first polar body. Both 

of these eells eontain 14 ehromosomes. Gontinned 
growth resnlts in rnpmre of the matnre ovarian folliele 
at 15 , and the released seeondary ooeyte enters a 16 

mbe. If the seeondary ooeyte is penetrated by a 17 , 

the seeond 18 division forms an 19 and 
a seeond 20 , eaeh with 21 ehromosomes. 


d. Write the terms that mateh the statements in the spaees at the right. 

1) Internal lining of the uterus. 

2) Epithelial structure that moves the ooeyte through 
the uterine mbe. 

3) Type of muscle in nterine wall. 

4) Golleetive term for the external female genitalia. 

5) Nodule of ereetile tissue eorresponding to the penis in males. 

6) Portion of uterus projeeting into vagina. 

5. Female Sexual Response 

VVrite the words that eomplete the sentenees in the spaees at the right. 


Sexual stimulation resnlts in enlargement of the 1 and 1) 

breasts, and ereetion of the 2 bulbs of the vestibule and 2) 

nipples due to inereased blood flow. inereased seeretion of 3) 

the 3 glands inbrieates the vestibnle. Sexual response 4) 

enlminates in 4 . which prodnees rhythmie eontraetions of 5) 

the pelvie floor, 5 . and 6 tubes plus intense pleasnre. 6) 


the right. 

1 ) 

2 ) 

3) 

4) 

5) 

6 ) 

7) 

8 ) 

9) 

10 ) 
11 ) 
12 ) 

13) 

14 ) 

15) 

16) 

17) 

18) 

19 ) 

20 ) 
21 ) 
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6. Hormonal Gontrol of Reprodoetion in Females 

a. Mateh the hormones listed with the following statements. 
Estrogens GnRH Progesterone 

1) Seereted by the granulosa eells. 

2) Stimulates mamration of female reproductive organs. 

3) Maintains endometrium in pregnaney. 

4) Develops female seeondary sex eharaeteristies. 

5) Seereted by corpus luteum. 

6) Seereted by the hypothalamus. 

7) Stimulates development and hmetion of corpus luteum. 

8) First seeretion starts onset of puberty. 

9) Stimulates development of ovarian follieles. 

10) Prepare endometrium for pregnaney. 


11) High blood eoneentrations inhibit GnRH seeretion. 

12) Promotes thiekening of endometrium. 

13) Promotes formation of blood vessels in endometrium. 



Write the words that eomplete the sentenees in the spaees at 
Between puberty and 1 , a woman experiences one 

reproductive eyele per month eonsisting of an ovarian eyele 


and a 


2 


eyele. These eyeles are eontrolled by 


3 


and 


average about 


4 


days in length. A eyele is started by the 


seeretion of 5 by the hypothalamus, which aetivates the 
release of 6 and a small amount of 7 by the anterior 
lobe of the pimitary. FSH stimulates the development of a 


primary 

eells. 


8 


10 


_ and the seeretion of 9 by the granulosa 
promotes the thiekening of the endometrium 


The inereasing production of estrogens triggers a sharp 


inerease m 


11 


seeretion and a lesser inerease in FSH 


production, leading to 


12 


on day 14. Under stimulation 


by LH, the remnants of the mamre ovarian folliele beeome 


a 


13 


that seeretes a high level of 


14 


and estrogens. 


15 


16 


of the uterus to reeeive 
inhibits seeretion of 


which together prepare the _ 
a preembryo. The high level of 
GnRH, preventing development of additional ovarian follieles 
If pregnaney does not occur, the corpus luteum degenerates 


and the blood levels of estrogens and 


17 


rapidly deeline. 


resulting in breakdown of the endometrium leading to_ 

and seeretion of GnRH starting a new reproductive eyele. 


18 
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7. Mammary Glands 

indieate whether eaeh statement is true (T) or false (F). 

_Mammary glands are speeialized for milk and hormone production. 

_Breasts eontain areolar eonneetive tissue but little adipose tissue. 

_Alveolar glands occur in lobes of mammary glands. 

_Estrogens stimnlate the prodnetion of milk. 

_A pigmented areola surrounds a protrnding nipple. 

_Mammary glands are present but are nonhmetional in males. 

_Breasts are formed deep to the peetoralis mnseles. 

8. Birth Gontrol 

indieate whether eaeh statement is true (T) or false (F). 

_Gontraeeptives are designed to prevent union of sperm and seeondary ooeyte. 

_Gontraeeption and birth eontrol are synonymons. 

_Spermieides aet by killing the sperm. 

_Progesterone in the ''piIF inhibits GnRH seeretion. 

_Spermieides are usually used with barrier methods. 

_It is impossible to eateh STDs when using a eondom. 

_Diaphragms and eervieal eaps are about equally effeetive. 

_The rhythm method relies on knowing when ovnlation occurs. 

_A eondom is a barrier eontraeeptive. 

_Pregnaney is not possible when using a eondom. 

_The "'piir is the most effeetive eontraeeptive. 

_There are no nndesirable side effeets of hormonal birth eontrol. 

_An IUD prevents implantation of an embryo. 

_indneed abortion is a eontraeeptive proeednre. 

_A mbal ligation prevents ovnlation. 

_Diaphragms and eervieal eaps are barrier eontraeeptives. 

_A vaseetomy prevents the ejaenlation of semen. 

_Use of an IUD may cause pelvie inflammatory disease. 

_Withdrawal is more effeetive than a eondom. 

_Undesirable side effeets may result from induced abortion. 

9. Disorders of the Reproductive Systems 

Write the disorders that mateh the statements in the spaees provided. 

Maìe Disorders 

1) Inability to maintain an ereetion. _ 

2) Gommon reprodnetive eaneer in males. _ 

3) Inflammation of the prostate glands. _ 

4) Inability to prodnee snffieient viable sperm. _ 

5) Causes eonstrietion of nrethra in about one-third of older males. _ 
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Female Disorders 

1) Physieal pain dnring menstrnation. 

2) Growth of endometrial tissne ontside the uterus. 

3) Absenee of menstrnation without pregnaney. 

4) Assoeiated with highly absorbent tampons. 

5) Inability to beeome pregnant. 

6) infeetion in reprodnetive organs and/or 
pelvie eavity. 

7) Physieal and emotional distress just prior to 
menstruation. 

8) Caused by toxin formed by S. aareas. 

Sexually Transmitted Diseases 

1) Resnlts from infeetion with herpes simplex 
virus type 2. 

2) Fatal disease resulting from HIV infeetion. 

3) Two baeterial diseases that may lead to sterility 
in females. 

4) eharaeterized by ehanere in first stage. 

5) Caused by HPV. 

6) Curable with antibioties. 

7) Viral diseases for which there are no cures. 


9. eiinieal Insights 




Failure of the testes to deseend into the serotnm (eryptorehidism) causes sterility in males. Explain 
why._ 



Seeondary amenorrhea in female athletes resnlts from strenuous aetivity, which bloeks the hypothalamie 
reguIation of reprodnetion. How does this stop the reprodnetive eyeles?_ 


Women with amenorrhea prodnee little, if any, estrogens, which causes osteoporosis (bone loss). Why are 
such women defieient in estrogens?_ 


e. 


Without effeetive treatment, a baeterial sexually transmitted disease usually leads to pelvie inflammatory 
disease (PID) in females. How does this happen?_ 






























STUDY GUIDE 



1. Fertilization and Early Development 

a. Write the terms that eomplete the sentenees in the spaees at the right 


A 


1 


• • 


ooeyte eontainmg 


2 


ehromosomes is 


released at ovnlation, and it is enveloped by several 


layers of 3 eells. After entering a 


4 


mbe, it 


is slowly earried toward the 


5 


throngh peristalsis 


and the beating 


6 


of the eells lining the tube. 


The ooeyte remains viable for about 
ovulation. Sperm deposited in the _ 


7 


hours after 


8 


swim into 


the uterus and on into the 


9 


tubes. The sperm 


10 


usually encounter the seeondary ooeyte in the 
portion of a nterine tube. Sperm remain viable in the 
female reprodnetive traet for about _ 


11 


hours. 


The 


12 


of the sperm releases enzymes that 


disperse the 


13 


14 


ooeyte. Onee a 


ehemieal ehanges in the 


eells surrounding the seeondary 
_enters the seeondary ooeyte. 


prevent other sperm 


15 


from entering. The seeondary ooeyte immediately 


eompletes the 


16 


meiotie division, forming 


an 


17 


and another polar body, eaeh eontaining 


18 


ehromosomes. Union of 


19 


and 


20 


eompletes fertilization, forming a 


21 


• • 


eontammg 



ehromosomes. 


1 ) 

2 ) 

3) 

4) 

5) 

6 ) 

7) 

8 ) 

9) 

10 ) 

11 ) 

12 ) 

13) 

14) 

15) 

16) 

17) 

18) 

19 ) 

20 ) 
21 ) 
22 ) 


b. VVrite the terms that mateh the statements in the spaees at the right 

1) eolleetive term for the early mitotie divisions 

of the preembryo. _ 

2) Solid ball of eells formed by eleavage. _ 

3) Hollow ball of eells. _ 

4) Mass of eells within the blastoeyst. _ 

5) Snperfieial wall of the blastoeyst. _ 

6) Embedding of blastoeyst in endometrinm. _ 

7) Length of preembryonie stage. _ 

8) Length of fnll-term pregnaney. _ 

9) Length of prenatal growth and development. _ 
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2. Embryonie Development 

a. In eaeh of the spaees provided, write the nnmber (1-3) of the germ layer from which the strnemres develop. 

1) Eetoderm 2) Mesoderm 3) Endoderm 

_Pimitary gland _Liver and panereas 

_Dermis _Epidermis 

_Nervons system _Salivary glands and tooth enamel 

_Skeletal mnsele _Kidneys and gonads 

_Lining of digestive traet _Lining of respiratory traet 

b. Write the terms that mateh the statements in the spaees at the right. 

1) Beeomes the ehorion. _ 

2) Gonneets embryo to plaeenta. _ 

3) Eorm early embryonie formed elements. _ 


4) Serves as shoek absorber for fems. 

5) Membrane snrronnding embryo/fems. 

6) Fingerlike projeetions from ehorion that penetrate 
endometrinm. 

7) Site of exchange of materials between embryonie 
and maternal bloods. 

8) Name given to the embryo at beginning of ninth 
week. 

9) Flnid in which the embryo develops. 

10) Developmental stage between seeond and eighth 
weeks. 




in the spaees by the eorreet labels. 

Allantois 
Amnion 

Amniotie eavity 
ehorion 
ehorionie villi 
Endometrinm 
IJmbilieal eord 
Yolk sae 


Label the fignre by plaeing the nnmbers of the strnemres 

5 4 




6 
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3. Fetal Development 

Write the appropriate numbers indieating the weeks of development that mateh the statements in the spaees at 
the right. 

1) Vernix easeosa forms. _ 

2) Testes begin to deseend in males. _ 

3) Fems assumes the ''head down'' position. _ 

4) Heartbeat present but not deteetable with stethoseope. _ 

5) Snrfaetant prodnetion in lungs begins. _ 

6) Lanugo is shed. _ 

7) Head is as large as body. _ 

8) Meconium begins to form in intestines. _ 

4. Hormonal Gontrol of Pregnaney 

Write the terms that mateh the statements in the spaees at the right. 

1) Hormone seereted by the trophoblast. _ 

2) Maintains the corpus luteum for the first 10 to 12 weeks. _ 

3) Hormones maintaining the endometrinm. _ 

4) Hormone deteeted by pregnaney tests. _ 

5) Takes over seeretion of estrogens and progesterone 

from approximately week 12 to birth. _ 

6) Prevents GnRH seeretion by hypothalamns during pregnaney. _ 

7) Primary source of estrogens and progesterone for 

the first 10 to 12 weeks. _ 

8) Two hormones that prepare mammary glands for 

milk seeretion after birth. _ 

5. Birth 

a. Label the figure by plaeing the nnmbers of the strnemres in the spaees by the eorreet labels. 

_Amnion 

^ _Amniotie fluid 

2 _Cervix 

_Plaeenta 

_IJmbilieal eord 

3 _IJterine wall 

4 

5 

6 






























526 ehapter 18 Smdy Guide 


b. Write the terms that mateh the statements in the spaees at the right. 

1) Hormone stimnlating development of plaeental 

blood vessels. _ 

2) Hormone that inhibits nterine eontraetions dnring 

pregnaney. _ 

3) Hormone that sensitizes nterine mnseles for starting 

eontraetions as birth nears. _ 

4) Term for the events assoeiated with the birth 

proeess. _ 

5) Hormone starting and maintaining nterine 

eontraetions. _ 

6) Reeeives nerve impnlses triggered by stretehing of 

the cervix. _ 

7) Releases oxytocin into blood. _ 

8) Longest stage of labor. _ 

9) Stage of labor when the infant is born. _ 

10) Stage when the plaeenta is expelled. _ 

11) Name for the birth proeess. _ 

e. Write the words that eomplete the sentenees in the spaees at the right. 

As the time of birth approaehes, the high blood eoneen- 1)_ 

tration of 1 overrides the inhibitory effeet of 2 2)_ 

on nterine eontraetions so that such eontraetions are 3)_ 

possible. The 3 feedbaek meehanism eontrolling 4)_ 

labor seems to be started by pressure of the fems on 5)_ 

the 4 , which triggers the formation of 5 that 6)_ 

are earried to the hypothalamns. The 6 stimnlates 7)_ 

the posterior lobe of the pimitary to release 7 , 8)_ 

which stimnlates nterine 8 . The eontinned dilation 9)_ 

of the 9 inereases the frequency of 10 sent 10)_ 

to the hypothalamns, which, in mrn, stimnlates the 11)_ 

posterior lobe of the pimitary to release more 11 , 12)_ 

which inereases the strength and frequency of 13)_ 

nterine 12 . This pattern of positive feedbaek 14)_ 

prodnees inereasingly stronger eontraetions until the 15)_ 

fetus is 13 . Shortly after birth, uterine eontraetions 16)_ 

cause the detaehment and expulsion of the 14 . 17)_ 

When the 15 is cut, the level of 16 18)_ 

inereases in the infanTs blood, stimnlating the 17 19)_ 

eenter in the mednlla oblongata to trigger the first 
breath. After the first breath, breathing beeomes easier 
beeanse 18 in the alveoli keeps the 19 open. 
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6. Cardiovascular Adaptations 

a. Write the terms that mateh the statements relating to fetal eirenlation in the spaees at the right. 

1) Opening between left and right atria. _ 

2) Garries deoxygenated blood from fetns to plaeenta. _ 

3) Garries blood from nmbilieal vein to inferior vena 

eava, bypassing the liver. _ 

4) Garries blood from pnlmonary trnnk to aortie areh. _ 

5) Garries oxygenated blood from the plaeenta to the fetns. _ 

b. Write the words that eomplete the sentenees regarding fetal eirenlation in the spaees at the right. 


The fetal blood reeeives oxygen and nntrients 1) 

from 1 blood in the plaeenta. Oxygenated blood 2) 

is earried from the plaeenta by the 2 vein that 3) 

enters the fetns at the 3 . This vessel divides 4) 

near the liver, allowing abont half of the oxygenated 5) 
blood to pass throngh the 4 , bypassing the 6) 

liver, and mixing with deoxygenated blood in the 7) 

inferior 5 . When this mixed blood enters the 8) 

6 atrinm, most of it passes throngh the 7 9) 

into the 8 atrinm and then into the 9 10) 

ventriele. Gontraetion of the ventriele pnmps blood 11) 
into the 10 for transport to body eells. Blood 12) 

entering the 11 ventriele is pnmped into the 13) 

pnlmonary trnnk. However, most of it bypasses the 14) 
Inngs by flowing throngh the 12 into the aortie 15) 
areh. The two lung bypasses work together to 13 16) 

blood flow to body eells. A small amount of blood is 


earried by 14 arteries to the nonfnnetional lungs 
and remrned to the left 15 . Blood is retnrned to 

the plaeenta by two 16 arteries. 

e. Write the terms that mateh the statements relating to postnatal eirenlatory ehanges in the spaees at the right. 

1) Remnant of the nmbilieal vein. _ 

2) Remnants of the nmbilieal arteries. _ 

3) Remnant of the ductus venosus. _ 

4) Remnant of the ductus arteriosus. _ 

7. Laetation 

a. Write the terms that mateh the statements in the spaees at the right. 

1) Two hormones preparing mammary glands 
for laetation. 


2) Hormone stimnlating laetation. 
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3) Seeretes prolaetin-releasing hormone. 

4) Seeretes prolaetin. 

5) First seeretion of mammary glands. 

6) Two hormones whose high blood levels inhibit 
seeretion of PRH. 


7) Hormone stimnlating milk ejeetion. _ 

b. Write the words that eomplete the sentenees in the spaees at the right. 


After birth, the drop in the blood levels of 1 1) 

and 2 allows the hypothalamns to seerete 3 , 2) 

which stimnlates seeretion of 4 by the anterior 3) 
lobe of the pimitary, promoting laetation. 5 , 4) 

the first seeretion of the mammary glands, is rieh 5) 

in 6 and eontains essentially no 7 . True 6) 

8 seeretion starts within two to three days. 7) 

Suckling stimnlates formation of 9 that 8) 

are earried to the hypothalamns, eansing it to 9) 

seerete 10 , which eontinnes prodnetion 10) 

of prolaetin in order to maintain 11 . The 11) 

hypothalamns also stimnlates the posterior lobe of 12) 

the pimitary to release 12 , which stimnlates 13) 

13 throngh the eontraetion of speeialized 
epithelial eells within the mammary glands. 


Disorders of Pregnaney, Prenatal Development, and Postnatal Development 

Write the terms that mateh the statements in the spaees at the right. 

1) Implantation of preembryo at a site other than the uterus. _ 

2) Spontaneous abortion. _ 

3) inereased blood pressnre, edema, and eonvnlsions or 

eoma in late pregnaney. _ 

4) Nausea and vomiting in early pregnaney. _ 

5) Sudden death with no medieal history or explanation. _ 

6) Bilimbin is prodneed faster than the liver ean proeess it. _ 

7) Caused by insufficient snrfaetant in alveoli. _ 

8) May result from fetal exposure to X-rays, aleohol, and 

illegal or legal dmgs. _ 

Geneties 

a. Write the terms that mateh the statements in the spaees at the right. 

1) Number of ehromosomes in human body eells. _ 

2) Number of ehromosomes in human gametes. _ 
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3) Sex ehromosomes in a female. _ 

4) Sex ehromosomes in a male. _ 

5) A unit of inheritanee. _ 

6) Alternate forms of a gene. _ 

7) Gondition in which both alleles for a trait are identieal. _ 

8) Gondition in which the alleles for a trait are different. _ 

9) An allele that is always expressed. _ 

10) An allele that is expressed only when a dominant 

allele is absent. _ 

11) A type of gene expression where the two alleles for a 

gene ean ereate three different phenotypes. _ 

12) A type of inheritanee where both alleles are expressed 

and affeet the phenotype. _ 

13) A type of inheritanee involving many genes that 

contribute to the phenotype. _ 

14) The observable traits. _ 

15) The alleles eontrolling the expression of a trait. _ 

16) Traits whose alleles occur on the X ehromosome. _ 

17) Type of eell division that separates ehromosome 

pairs into gametes. _ 

b. indieate the genotypes for the following traits. 

1) Heterozygons freekled. _ 

2) Homozygons freekled. _ 

3) Homozygons nonfreekled. _ 

4) Golor-blind male. _ 

5) Normal eolor vision, earrier female. _ 

6) Golor-blind female. _ 

7) Homozygons type A blood. _ 

8) Type AB blood. _ 

9) Type O blood. _ 

10) Heterozygons type B blood. _ 

e. indieate the possible genotypes of gametes that ean be formed by parents with these genotypes. 

1) Homozygons freekled. _ 

2) Heterozygons freekled. _ 

3) Homozygons nonfreekled. _ 

4) Golor-blind male. _ 

5) Normal eolor vision, earrier female. _ 

6) Golor-blind female. _ 

7) Heterozygons type A blood. _ 

8) Type AB blood. _ 
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d. indieate the predieted phenotype ratios for the following matings. 

1) Homozygons freekled X homozygons nonfreekled. _ 

2) Heterozygons freekled X homozygons nonfreekled. _ 

3) Type AB blood X type O blood. _ 

4) Heterozygons type A blood X type O blood. _ 

5) Golor-blind mother x normal eolor vision father. _ 


10. Inherited Diseases 


indieate whether eaeh statement is true (T) or false (F). 

_Genetie disease may be caused by the presenee of an extra ehromosome. 

_Reeessive sex-linked traits appear more frequently in females sinee they have two X ehromosomes. 

_It is possible to examine fetal eells for ehromosome abnormalities. 

_Some genetie diseases caused by speeifie alleles do not show up until adnlthood. 

_Down syndrome is caused 

_Amnioeentesis is used to obtain a sample of amniotie fluid for examination. 

_Genetie eonnseling may be helpfnl for prospeetive parents with genetie disease in their family histories. 


by trisomy 7. 


11. eiinieal Insights 




When the sperm count in semen falls below 20 million/ml, male infertility resnlts. How do you explain 
this? 


b. Physieians advise women to avoid all drugs (legal and illegal) during pregnaney. What is the basis for this 
adviee? 


e. What problems would occur if a newborn's foramen ovale failed to elose? 


d. Why ean monozygotie twins reeeive blood transfnsions from eaeh other without difficulty, whereas 
dizygotie twins often eannot?_ 


e. Mary and Joe have diseovered that they are both heterozygons for siekle-eell disease. They want to know 
what the ehanee is that their ehildren will inherit siekle-eell disease. What would you advise them?_ 
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Keys to Medieal Terminology 


MEDIGAL TERMS MAY GONSIST OF three basie parts: a 

prefix, a root word, and a suffix. All terms have a root 
word, but some terms may laek either a prefix or a suffix. 
A prefix is the first portion of a term and eomes before 
the root word. A suffix eomes after the root word and 
is the last portion of a term. Both the prefix and the suf- 
fix modify the meaning of a root word, and they may be 
used with many different root words. The root word is 
the main portion of the term. Root words often occur at 
the beginning of a term, but they also may end a term or 
may be sandwiched between a prefix and a suffix. When 
determining the meaning of a term, you start with the 
suffix, then move to the prefix, and finally eonsider the 
root word. Gonsider these examples. 

1. Laryngitis beeomes laryng/itis when broken 
into its eomponent parts. 

laryng- = the root word meaning larynx 
-itis = the suffix meaning inflammation 

Thus, the meaning of laryngitis is inflammation of the 
larynx. 

2. Endogastrie beeomes endo/gastr/ie when bro- 
ken into its eomponent parts. 

endo- = the prefix meaning ivithin 
gastr- = the root word meaning stomaeh 
-ie = the suffix meaning pertaininy to 

Thus, the meaning of endogastrie is pertaininy to 
ivithin the stomaeh. 

The parts of a term are linked together in a way 
that aids pronnneiation. This often requires the use of 


eombininy voivels. For example, when linking yastr- and 
-pathy to form a term meaning disease of the stomaeh, the 
vowel 0 is inserted to form yastropathy. 

Some terms eonsist of more than one root word. For 
example, yastr/o/enter/o/eol/itis means inflammation of 
the stomaeh, intestine, and eolon. 

You ean see that onee you know the meaning of 
eommon prefixes, root words, and suffixes, understanding 
medieal terminology beeomes much easier. 

In the seetions that follow, some eommon prefixes, 
suffixes, and root words are listed along with examples to 
help you understand medieal terminology. 

Singular and Plural Endings 

Most medieal terms are derived from Greek and Latin 
words. Therefore, ehanging from singnlar to plural is done 
by ehanging the ending of the term rather than by add- 
ing an 5 or es or ehanging a y to ies as in English terms. 
Examples of singnlar and plural endings are 


Singular 

Endìng 

Plural 

Endìng 

Example 

-a 

-ae 

pleura; pleurae 

-en 

-ena 

lumen; lumena 

-is 

-es 

testis; testes 

-ma 

-mata 

eareinoma; eareinomata 

-um 

-a 

epieardinm; epieardia 

-ur 

-ora 

femur; femora 

-us 

• 

-1 

glomerulus; glomeruli 

-X 

-ees 

appendix; appendiees 


AppendÌK A 


Common Prefixes 

Prefix 

Meaning 

Example 

Prefix 

Meaning 

Example 

a- 

without, not 

a/sepsis: sterile; without 

intra- 

within 

intra/cellular: within eells 



germs 

kil- 

thousand 

kilo/gram: 1,000 grams 

ab- 

away from, from 

ab/duct: earry away from 

maer- 

large 

maero/eyst: large eyst 

ad- 

to, toward 

ad/duct: earry toward 







mal- 

bad, ill, poor 

mal/ady: disease, disorder 

an- 

without, not 

an/ergia: without energy 

mes- 

middle 

meso/nasal: middle of the 

ante- 

before 

ante/cibum: before meals 



nose 

anti- 

against 

anti/histamine: against 

meta- 

after, beyond 

meta/tarsals: beyond the 



histamine 



tarsals 

bi- 

two 

bi/lateral: on two sides 

mier- 

small 

miero/eolon: abnormally 

bio- 

life 

bio/logy: study of life 



small eolon 

braehy- 

short 

braehy/gnathia: shortness 

milli- 

one-thousandth 

milli/gram: 1/1,000 of a gram 



of the lower jaw 

multi- 

many 

multi/cellular: having many 

brady- 

slow 

brady/eardia: slow heart 



eells 



rate 

neo- 

new 

neo/plasm: new growth 

eent- 

hundred 

eenti/meter: 1/100 of a 

ob- 

against, in the 

ob/scure: indistinet, hidden 



meter 


way of 


circum- 

around 

circum/oral: around the 

olig- 

few 

oligo/spermia: few sperm 



mouth 







one- 

tumor 

oneo/genie: tumor-causing 

eo-, eom-, 

with, together 

eom/press: squeeze 




eon- 


together 

per- 

through 

per/forate: to make holes 

de- 

from, down 

de/eongest: reduce 

peri- 

around 

peri/osteum: around a bone 



eongestion 

poly- 

many 

poly/morphous: many forms 

dia- 

through 

dia/rrhea: flow through 

post- 

after 

post/ocular: behind the eye 

dis- 

apart 

dis/infeet: free from 

pre- 

before, in front of 

pre/mature: before 



infeetion 



maturation 

dys- 

bad, difficult 

dys/pepsia: difficult 

presby- 

old 

presby/eardia: old heart 



digestion 







pro- 

before, in front of 

pro/ehondrial: before 

eet- 

external, outer 

eeto/derm: outer skin 



eartilage 

en- 

in, on 

en/eranial: in the cranium 

re- 

again, baek 

re/flex: bend baek 

end- 

within 

endo/erine: seerete within 

retr- 

backward. 

retro/nasal: baek part of 

epi- 

upon 

epi/dermis: upon the skin 


behind 

nose 

ex- 

out, away from 

ex/halation: to breathe out 

semi- 

half 

semi/lunar: half moon 

extra- 

outside of, in 

extra/ocular: outside the 

sub- 

under 

sub/cutaneous: underthe 


addition to 

eye 



skin 

hemi- 

half 

hemi/plegia: paralysis of 

super- 

above, superior 

super/acute: strongly acute 



one-half ofthe body 

supra- 

above, superior 

supra/nasal: above the 

hyper- 

above, over 

hyper/trophy: excessive 



nose 



growth 

sym- 

together, with 

sym/physis: growing 

hypo- 

below, under 

hypo/dermie: under the 



together 



skin 

syn- 

together, with 

syn/daetyly: fusion of 

infra- 

below, beneath 

infra/orbital: below the orbit 



fingers 

inter- 

between 

inter/cellular: between eells 

taehy- 

fast 

taehy/eardia: rapid heart rate 
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Common Suffixes 

Suffix 

Meaning 

Example 

Suffix 

Meaning 

Example 

-algia 

pain 

neur/algia: pain in a nerve 

-osis 

abnormal 

nephr/osis: abnormal 

-eentesis 

puncture to 

amnio/eentesis: puncture 


eondition 

kidney eondition 


aspirate fluid 

amnion to obtain a sample 

-ostomy 

make an opening 

ile/ostomy: opening into 



of amniotie fluid 



the small intestine 

-eide 

kill 

baeterio/eide: substance 

-pathy 

disease 

neuro/pathy: disease of 



killing baeteria 



nerves 

-eis 

cut 

in/eision: a cut into 

-penia 

defieieney, poor 

leuko/penia: defieieney of 

-eyte 

eell 

erythro/eyte: red blood eell 



vvhite blood eells 

-dynia 

pain 

entero/dynia: intestinal pain 

-pepsia 

digestion 

dys/pepsia: poor digestion 

-eetomy 

cut out 

append/eetomy: procedure 
to cut out the appendix 

-philia 

attraetion, love 

aeido/philie: attraeted to 
aeid 

-emesis 

vomiting 

poly/emesis: much 
vomiting 

-phobia 

abnormal fear 

aero/phobia: fear of 
heights 

-emia 

blood 

an/emia: vvithout blood 

-plasia 

formation 

hypo/plasia: defieient 
formation 

-gnosis 

knovvledge 

pro/gnosis: foreknovvledge 

-plasty 

make, shape 

angio/plasty: shaping a 

-gram 

reeord 

myo/gram: muscle reeord 



blood vessel 

-graphy 

making a reeord 

myo/graphy: making a 

-plegia 

paralysis 

para/plegia: paralysis of 



reeord of muscle aetion 



lovver body and both legs 

-iasis 

abnormal 

eandid/iasis: Candida 

-pnea 

breath 

brady/pnea: slovv 


eondition 

infeetion 



breathing 

-itis 

inflammation 

sinus/itis: inflammation of 

-rrhea 

diseharge, flovv 

pyo/rrhea: pus diseharge 



sinuses 

-soma, -some 

body 

ehromo/some: eolored 

-lepsy 

seizures 

nareo/lepsy: seizures of 



body 



numbness 

-stasis 

eontrol, stop 

hemo/stasis: stop bleeding 

-logy 

study of 

bio/logy: study of life 

-therapy 

treatment 

thermo/therapy: heat 

-lysis, -lytie 

breakdovvn, 

myo/lysis: breakdovvn of 



therapy 


dissolve 

muscles 

-tomy 

to cut 

laparo/tomy: to cut into the 

-megaly 

enlargement 

nephro/megaly: kidney 



abdomen 



enlargement 

-trophy 

development 

hyper/trophy: excessive 

-oid 

resembling 

ov/oid: resembling an egg 



development 

-oma 

tumor 

earein/oma: cancerous 

-uria 

urine 

glucos/uria: glucose in the 



tumor 



urine 


Common Root Words 

Root Word 

Meaning 

Example 

Root Word 

Meaning 

Exampie 

aer- 

extremity. 

aero/phobia: fear of 

earein- 

eaneer 

earein/oma: cancerous 


peak 

heights 



tumor 

aden- 

gland 

aden/oma: tumor of a gland 

eard- 

heart 

eardio/logy: study of the 

angi- 

blood vessel 

angio/pathy: diseased 



heart 



vessel 

earp- 

wrist 

earp/al: pertaining to the wrist 

arthr- 

joint 

arthr/itis: inflammation of 

eephal- 

head 

eephal/ie: pertaining to the 



Joints 



head 

braehi- 

arm 

braehi/al: pertaining to the 

eervie- 

neek 

eervie/al: pertaining to the 



arm 



neek 
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Common Root Words continued 


Root Word 

Meaning 

Example 

ehole- 

bile 

ehole/eyst/itis: inflammation 
of the gallbladder 

ehondr- 

eartilage 

ehondro/eyte: eartilage eell 

eolp- 

vagina 

eolpo/dynia: vaginal pain 

eost- 

rib 

eost/algia: rib pain 

erani- 

skull 

eranio/malaeia: softening 
of the skull 

cutan- 

skin 

sub/cutan/eous: under the 

skin 

eyan- 

blue 

eyan/osis: bluish skin eolor 

eyst- 

bladder 

eyst/algia: pain in bladder 

eyt- 

eell 

eyto/logy: study of eells 

daetyl- 

fingers, toes 

daetylo/megaly: abnor- 
mally large fingers or toes 

dent- 

tooth 

denti/form: toothlike 

derm-, dermato- 

skin 

hypo/derm/al: under the 
skin 

dors- 

baek 

dors/al: pertaining to the 
baek 

duct- 

earry 

ad/duct: earry toward 

edema 

swelling 

edema/tous: swollen 

eneephal- 

brain 

eneephal/itis: inflammation 
of the brain 

enter- 

intestine 

enter/dynia: intestinal pain 

erythr- 

red 

erythro/eyte: red blood eell 

esthe- 

sensation, 

feeling 

an/esthe/tie: substance 
causing an absenee of 
sensation 

esthen- 

weakness 

my/esthenia: muscle 
weakness 

febr- 

fever 

febr/ile: feverish 

gastr- 

stomaeh 

gastro/spasm: stomaeh 
spasm 

gen- 

to produce 

patho/gen: disease-causing 
agent 

gingiv- 

gum 

gingiv/itis: inflammation of 
the gums 

glu-, glye- 

sugar 

hyper/glye/emia: excessive 
blood sugar 

gynee-, gyno- 

female 

gyneeo/logy: study of 
female disorders 

hem-, hemato- 

blood 

hemo/genesis: blood 
formation 

hepat- 

liver 

hepat/eetomy: removal of 
the liver 

hist- 

tissue 

histo/logy: study of tissues 


Root Word 

Meaning 

Example 

hom-, home- 

same 

homo/sexual: attraeted to 

the same sex 

hydr-, hydra- 

water 

hydra/tion: gaining water 

kerat- 

horny, eornea 

kerat/osis: eondition of 
abnormal horny growths 

laerim- 

tear 

laerim/al: pertaining to 
tears 

laet- 

milk 

laeta/tion: producing milk 

lapar- 

abdomen 

laparo/tomy: to cut into the 
abdomen 

laryng- 

larynx 

laryngo/pathy: disease of 
the larynx 

later- 

side 

uni/lateral: one-sided 

leuc-, leuk- 

white 

leuko/cyte: white blood eell 

lingu- 

tongue 

lingu/iform: tongue-shaped 

lip- 

lipids, fat 

lip/oid: similar to fat 

lith- 

stone 

oto/lith: ear stone 

mamm- 

breast 

mammo/gram: X-ray of 
breast 

melan- 

blaek 

melan/in: blaek skin 
pigment 

men- 

monthly, 

mensis 

meno/pause: eessation of 

menses 

metr- 

uterus 

myo/metr/ium: muscle 
layer of uterus 

morph- 

shape, form 

morpho/logy: study of 
shape 

my- 

muscle 

myo/eard/itis: inflammation 
of the heart muscle 

myel- 

marrow, spinal 
eord 

myel/algia: pain of the spinal 
eord or its membranes 

nas- 

nose 

nas/al: pertaining to the 

nose 

nephr- 

kidney 

nephr/itis: inflammation of 
a kidney 

neur- 

nerve 

neur/ectomy: excision of 

a nerve 

odont- 

tooth 

odonto/pathy: disease of 
the teeth 

00- 

egg, ovum 

oo/genesis: formation of 

ova 

orehid- 

testis 

orehid/itis: inflammation of 

a testis 

oss-, oste- 

bone 

osteo/malaeia: softening 
of bones 

ot-, aur- 

ear 

oto/lith: ear stone aur/icular: 
pertaining to the ear 
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Common Root Words continued 


Root Word 

Meaning 

Example 

path- 

disease 

patho/logy: study of 
disease 

peet- 

ehest 

peeto/ral: pertaining to the 
ehest 

ped- 

ehild 

ped/iatries: medieal 
speeialty dealing with 
ehildren's disorders 

pep-, peps- 

digest 

pep/tie: pertaining to 
digestion 

phag- 

eat 

phago/eyt/osis: engulfment 
of partieles by eells 

pharyng- 

throat, 

pharynx 

pharnygo/rrhea: diseharge 
from the pharynx 

phleb- 

vein 

phleb/itis: inflammation of 
a vein 

pneum- 

air 

pneumo/thorax: air in the 
ehest 

pneumon- 

lung 

pneumono/pathy: disease 
of a lung 

proet- 

rectum 

proeto/eol/itis: inflammation 
of the rectum and eolon 

pseud- 

false 

pseudo/hernia: false rupture 

psyeh- 

mind 

psyeho/genie: originating 
in the mind 

pulmo-, pulmon- 

lung 

pulmon/ary: pertaining to 
a lung 

py- 

pus 

pyo/eele: eavity eontaining 
pus 


Root Word 

Meaning 

Example 

pyel- 

kidney pelvis 

pyelo/gram: X-ray of 
kidney pelvis 

quadr- 

four 

quadri/plegia: paralysis of 
both upper and lower limbs 

rhin- 

nose 

rhin/itis: inflammation of 

the nose 

salping- 

uterine tube 

salping/eetomy: removal of 
a uterine tube 

seler- 

hard 

seler/osis: hardening 

seet- 

cut 

seet/ion: proeess of cutting 

sept- 

presenee of 
mierobes 

septie/emia: infeetion of 
blood 

sten- 

narrow 

sten/osis: narrowed 

eondition 

striet- 

draw tight 

eon/striet/ion: draw tightly 
together 

therm- 

heat 

hypo/thermia: low body 
temperature 

thorae- 

ehest, thorax 

thoraeo/dynia: ehest pain 

thromb- 

elot 

thromb/us: a blood elot 

tox- 

poison 

tox/in: poisonous 
substance 

vas- 

vessel 

vaso/dilation: expansion of 
a vessel 

viseer- 

internal organ 

viseero/genie: originating 
in the internal organs 

vita- 

life 

vita/l: essential for life 
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Ansvvers to Self-Review Questions 


ehapter 1 

1. physiology 

2. cardiovascular 

3. nervous 

4. distal 

5. appendicular 

6. popliteal 

7. femoral 

8. dorsal; vertebral 

9. right upper; epigastrie 

10. mediastinum 

11. peritoneum (parietal peritoneum) 

12. homeostasis 

ehapter 2 

1. protons 

2. ion 

3. eomponnd 

4. eovalent 

5. water 

6. lower 

7. synthesis 

8. monosaeeharides 

9. amino aeids 

10. nneleotides 

11. triglyeerides 

12. ATP 

ehapter 3 

1. plasma membrane 

2. DNA 

3. mitoehondria 

4. ribosomes 

5. nucleolus 

6. endoplasmie reticulum 

7. difhision 

8. earrier-mediated diffnsion 

9. eellnlar respiration 

10. messenger RNA 

11. mitosis 

ehapter 4 

1. one 

2. little 

3. psendostratified eiliated 
eolnmnar 

4. simple eolnmnar 

5. stratified squamous 


6. matrix 

7. eollagen 

8. adipose 

9. fibroeartilage 

10. eardiae 

11. smooth 

12. nenroglia 

13. mucous 

ehapter 5 

1. basale 

2. keratin 

3. dermis 

4. subcutaneous tissue 

5. papillae 

6. sebaceous 

7. eeerine 

8. arreetor pili 

9. rednees 

10. wrinkles and sagging skin 

11. athlete's foot 

12. eallnses; eorns 

ehapter 6 

1. snpport; proteetion 

2. epiphyses; spongy 

3. nntrient foramen 

4. intramembranons 

5. periostenm 

6. axial 

7. mandible; temporal 

8. atlas; oeeipital 

9. eostal eartilages 

10. peetoral girdle 

11. humerus; ulna; radius 

12. ilium; ischium; pubis 

13. femur; tibia; patella 

14. hinge; ball-and-soeket 

15. osteoporosis 

ehapter 7 

1. fibers (muscle eells) 

2. tendons 

3. sareomere 

4. aeetyleholine 

5. thin 

6. insertion 

7. masseter 


8. reems abdominis 

9. latissimns dorsi 

10. deltoid 

11. trieeps braehii 

12. gluteus maximus 

13. quadriceps femoris 

14. gastrocnemius 

ehapter 8 

1. axon 

2. internenrons 

3. sodium 

4. neurotransmitter 

5. insula 

6. frontal 

7. prefrontal 

8. hypothalamns 

9. mednlla oblongata 

10. eerebellnm 

11. snbaraehnoid 

12. posterior 

13. anterior 

14. antonomie 

15. sympathetie 

ehapter 9 

1. hair root plexus 

2. referred pain 

3. taste buds 

4. olfaetory 

5. sensory adaptation 

6. hearing; saeenle; semieirenlar 
eanals; ntriele 

7. endolymph 

8. spiral organ; basilar 

9. anditory ossieles 

10. saeenle; ntriele 

11. eornea; lens 

12. eones; eolor 

13. eiliary body 

14. vitreons body 

15. optie ehiasma 

ehapter 10 

1. endoerine; hormones 

2. reeeptors 

3. nonsteroid 

4. negative-feedbaek 
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5. hypothalamus 

6. TSH; adrenal cortex; FSH; LH 

7. thyroid hormones; thyroid gland 

8. ealeitonin; parathyroid hormone 

9. medulla 

10. aldosterone 

11. glneagon 

12. estrogens; progesterone; 
testosterone 

ehapter 11 

1 . 45 

2. hemoglobin; red blood eells 

3. hemaeytoblasts 

4. oxygen; erythropoietin 

5. liver 

6. white blood eells 

7. nentrophils; monoeytes 

8. basophils 

9. eosinophils 

10. lymphoeytes 

11. plasma 

12. platelets 

13. fibrinogen; fibrin 

14. antigen(s) 

15. BT, B—, O—, OT 

ehapter 12 

1. perieardinm 

2. left atrium 

3. tricuspid; right atrium 

4. atrial; systole 

5. SA;AV 

6. sympathetie; parasympathetie 

7. arteries; veins 

8. arteries; eapillaries 

9. diffnsion; filtration 

10. right; trunk; arteries; veins; left 

11. braehioeephalie trunk; internal 
earotid artery 

12. thoraeie; eeliae trunk, eommon 
hepatie artery; hepatie artery 
proper 

13. hepatie portal vein; sinnsoids; 
hepatie vein; inferior 

14. popliteal vein; external iliae 
vein; eommon iliae vein; inferior 

15. axillary vein; snbelavian vein; 
braehioeephalie vein; snperior 

ehapter 13 

1. interstitial fluid 

2. lymph; subclavian 

3. lymph nodes; lymphoeyte 


4. spleen; red blood 

5. nonspeeifie 

6. nentrophils; maerophages 
(monoeytes) 

7. inflammation 

8. thymus 

9. antigen-presenting; helper T 

10. helper; cytotoxic; memory 

11. antibody; eell 

12. helper T; B; T 

13. plasma; antibodies 

14. namrally acquired aetive 

15. vaeeination; seeondary 

ehapter 14 

1. filtered; mucous membrane 

2. larynx; glottis 

3. eartilages; bronehioles 

4. alveoli 

5. plenral eavity 

6. snrfaetant 

7. atmospherie; intra-alveolar 

8. tidal; 500 

9. mednlla oblongata; DRG; PRG 

10. earbon dioxide; hydrogen ions 

11. oxygen; earbon dioxide 

12. oxyhemoglobin; biearbonate ions 

ehapter 15 

1. enzymes; nntrient moleenles 

2. mucosa 

3. peristalsis 

4. dentin; enamel 

5. salivary amylase; maltose 

6. peristalsis; lower esophageal 
sphineter 

7. pepsin; proteins 

8. parasympathetie; gastrin 

9. seeretin; eholeeystokinin; 
eholeeystokinin 

10. panereatie amylase; panereatie 
lipase; trypsin 

11. small intestine; monosaeeharides; 
amino aeids 

12. ehylomierons 

13. large intestine 

14. liver 

15. vitamins 

ehapter 16 

1. cortex 

2. mednlla; eolleeting ducts and 
nephron loops 

3. nephrons 


4. glomernlar; systemie 

5. glomernlar eapsnle; filtrate 

6. tubular fluid; peritubular 
eapillaries 

7. aetively; passively; osmosis 

8. urine 

9. renin 

10. antidinretie; eolleeting ducts 

11. aldosterone; potassium 

12. 60 

13. ureters; peristalsis 

14. urethra 

15. internal; external 

ehapter 17 

1. testes; seromm 

2. seminiferons tubules; 
spermatogenesis 

3. epididymis; ejaenlatory duct; 
urethra 

4. blood 

5. LH; testosterone 

6. ovaries; oogenesis 

7. seeondary ooeyte; nterine mbe 

8. seeondary ooeyte; polar body 

9. vagina 

10. GnRH;LH 

11. estrogens 

12. corpus luteum; endometrium 

13. deerease; menstruation 

14. ovnlation; implantation 

15. estrogens; testosterone 

ehapter 18 

1. nterine mbe 

2. fertilization 

3. blastoeyst; seventh 

4. human ehorionie gonadotropin 
(hCG); corpus luteum; 
progesterone 

5. germ layers 

6. amnion; plaeenta 

7. ninth; fetus 

8. labor; oxytocin 

9. foramen ovale; ductus 
arteriosus 

10. prolaetin-releasing hormone; 
prolaetin 

11. genes; DNA 

12. 46; female 

13. males 

14. homozygons 

15. probability 


GLOSSARY 


A 

abdomen The anterior portion of the trnnk 
loeated between the diaphragm and pelvis. 

abdomìnal eavity The portion of the 

abdominopelvie eavity between the 

diaphragm and the pelvis. 

abdominopelvie eavity The portion of 

the ventral body eavity inferior to the 

diaphragm. 

abdominopelvie quadrants The four 
divisions of the abdominopelvie eavity 
formed by a median plane and a transverse 
plane through the umbilicus. 
abdominopelvie regions The nine divisions 
of the abdominopelvie eavity formed by 
the interseetion of two sagittal and two 
transverse planes. 

abdnetion The movement of a body part 
away from the midline. 
abortion The removal of an embryo or fetus 
from the uterus prior to birth. 
absorption The uptake of substances by 
eells; the proeess by which nntrients pass 
from the alimentary eanal into the blood. 
aeeessory organs Organs that assist the 
fnnetions of primary organs. 
aeeommodation Adjnstment of the lens to 
focus an image on the retina of the eye. 
aeetyleholine (ACh) A nenrotransmitter 
seereted from the terminal bouton of many 
nenrons. 

aeetyleholinesterase An enzyme promoting 
the breakdown of aeetyleholine in synaptie 
elefts. 

aeid A snbstanee that ionizes in water, 
releasing hydrogen ions. 
aeidosis Gondition of arterial blood below 
pH 7.35. 

aene Plngged hair follieles that form pimples 
due to infeetion by eertain baeteria. 
acquired immunodeficiency syndrome 
(AIDS) A progressive deerease in immune 
eapability caused by infeetion of T eells and 
maerophages with HIV. 
aeromegaly A disorder caused by 
hyperseeretion of growth hormone 
after bone growth is eomplete. 


aetive immunity Immnnity derived from 
aetivation of B eells and T eells by an 
invasion of a pathogen. 

aetive site The loeation on an enzyme where 
the ehemieal reaetion occurs. 
aetive transport A proeess that requires 
the use of energy to move snbstanees aeross 
plasma membranes. 

Addison disease An endoerine disorder 
caused by a hyposeeretion of hormones by 
the adrenal cortex. 

adduction The movement of a body part 
toward the midline. 

adenine A nitrogen base of nneleie aeids that 
pairs with thymine in DNA and uracil in RNA. 
adenosine diphosphate (ADP) A moleenle 
used to form adenosine triphosphate. 
adenosine triphosphate (ATP) Ghemieal 
energy storage moleenle in the body. 
adipose tissue Loose eonneetive tissue 
eontaining large nnmbers of fat-storing 
adipoeytes. 

adrenal cortex The snperfieial portion of an 
adrenal gland. 

adrenal gland An endoerine gland loeated 
on the snperior snrfaee of eaeh kidney. 
adrenal medulla The deep portion of an 
adrenal gland. 

adrenoeortieotropie hormone (ACTH) 

A hormone seereted by the anterior lobe 
of the pimitary gland that stimnlates the 
adrenal cortex to seerete hormones. 
adult stem eells Partially speeialized eells 
eapable of prodneing several types of 
speeialized eells. 

aerobie respiration The part of eellnlar 
respiration that requires oxygen and 
mitoehondria. 

afferent glomernlar arteriole The arteriole 
earrying blood to the glomerulus of a nephron. 

age-related macular degeneration (AMD) 

The destmetion of the macula resulting in 
loss of vision in the eenter of the visual field. 
ageusia A loss of taste hmetion. 
agglutination The elnmping of red blood eells 
in an antigen-antibody reaetion. 
agonist A muscle whose eontraetion moves 
a body part. 

agranulocyte A type of white blood eell that 
laeks visible eytoplasmie grannles. 
albumin An abnndant plasma protein that 
helps transport snbstanees in blood, and main- 
tain the pH and osmotie pressnre of blood. 


aldosterone A mineraloeortieoid hormone 
prodneed by the adrenal cortex that regnlates 
potassinm and sodium eoneentrations in the 
blood. 

alimentary eanal The tube through which 
food passes from the esophagus to the anus. 
alkaline Pertaining to a base. 
alkalosis Gondition of arterial blood above 
pH 7.45. 

allantois An extraembryonic membrane 
that forms as an ontpoeketing from the 
yolk sae. 

allele An alternate form of a gene. 
allergen A foreign snbstanee eapable of 
stimnlating an allergie reaetion. 
allergy An abnormally intense immune 
reaetion. 

all-or-none response The type of response 
by muscle eells and nenrons to stimnlation; 
total response or no response. 
alopeeia Excessive hair loss. 
alveolar ducts Tiny air passages that open 
into alveoli. 

alveolar gas exchange The exchange of 
oxygen and earbon dioxide between the 
air in alveoli and the blood in alveolar 
eapillaries. 

alveolus An air sae in a lung. 

Alzheimer disease A disorder caused by a 
loss of eholinergie nenrons in the brain and 
eharaeterized by loss of memory. 
amenorrhea The absenee of menstrnation. 
amino aeid The bnilding unit of proteins. 
amnion The extraembryonic membrane that 
envelops the embryo and fems. 
amphiarthrosis A slightly movable joint. 
ampulla The expanded portion of a 
semieirenlar eanal. 

amylase An enzyme that eatalyzes the 
digestion of stareh and glyeogen. 
anaerobie respiration The part of eellnlar 
respiration that does not require oxygen and 
occurs within the eytosol. 
anaphase The stage of mitosis in which 
ehromatids of replieated ehromosomes 
separate and move to opposite poles of 
the eell. 

anatomy The study of body organization and 
stmetnre. 

androgens Generie term for hormones 
related to testosterone. 

anemia The deereased ability of the blood to 
earry oxygen. 
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aneurysm A bulging, weakened portion of a 
blood vessel. 

anosmìa An inability to deteet odor. 
antagonìst A muscle whose eontraetion 
opposes that of the agonist or prime mover. 
antebraehial Pertaining to the forearm. 
anteenbital Pertaining to the anterior snrfaee 
of the elbow. 

anterior Pertaining to the front of the body. 
anterior root The anterior attaehment of a 
spinal nerve to the spinal eord that eontains 
axons of motor nenrons. 
antibody A protein prodneed by plasma eells 
in response to the presenee of an antigen. 
antibody-mediated immnnity Immnnity 
resnlting from the prodnetion of antibodies. 
antieodon A group of three nucleotides of a 
transfer RNA moleenle that pairs with a eodon 
of a messenger RNA moleenle. 
antidinretie hormone (ADH) The hormone 
seereted by the posterior lobe of the 
pitnitary that promotes the reabsorption 
of water by the kidneys. 
antigen A snbstanee that stimnlates 
prodnetion of antibodies. 
antigen-presenting eell (APC) A phago- 
eytie eell that engnlfs a foreign antigen 
and displays the antigen on its plasma 
membrane. 

anus The terminal opening of the alimentary 
eanal. 

aorta The systemie artery reeeiving blood 
direetly from the left ventriele. 
aortie valve A valve at the base of the aorta 
preventing the backflow of blood into the 
left ventriele. 

apoerine sweat gland A sweat gland that 
seeretes sweat into a hair folliele. 
aponenrosis A broad sheet of dense regnlar 
eonneetive tissue that attaehes a muscle to 
another muscle or eonneetive tissue. 
appendieitis Inflammation of the appendix. 
appendienlar Pertaining to the upper and 
lower limbs. 

appendienlar skeleton The bones of the 
peetoral girdle, pelvie girdle, and upper and 
lower limbs. 

appendix VVormlike strnemre extending 
from the cecum that contributes to the 
immune defense of the body. 
aqueous humor A watery fluid filling the 
anterior and posterior ehambers of the eye. 
aqueous solution A solntion with water as 
the solvent. 

araehnoid mater Middle membrane of the 
meninges enveloping the brain and spinal 
eord. 

areolar eonneetive tissue Most abnndant 
eonneetive tissue; loose eonneetive tissue 
with widely spaeed protein fibers. 
arrhythmia An abnormal heartbeat such as 
bradyeardia or fibrillation. 
arteriole A small artery that leads to a 
eapillary network. 


arterioselerosis Hardening of an arterial wall 
due to the deposition of ealeinm salts. 
artery A blood vessel that earries blood away 
from the heart. 

arthritis An inflammation of joints. 
articular eartilage The eartilage that eovers 
the ends of bones in freely movable joints. 
assoeiation area A region of the eerebmm 
involved in interrelating sensory inputs and 
motor outputs. 

asthma Ghronie inflammation and 
eonstrietion of the respiratory passages. 
astigmatism A visual disorder caused by 
an unequal curvature of the eornea or 
lens. 

astroeyte A type of nenroglia assisting in 
nenronal growth and formation of the 
blood-brain barrier. 

atheroselerosis A deerease in the lumen 
of an artery caused by fatty deposits in the 
vessel wall. 

athlete’s foot A fnngal infeetion of the skin. 
atmospherie pressure The pressnre of the 
air that surrounds the earth. 
atom The smallest unit of an element. 
atomie numher The number of protons in 
an atom of an element. 
atomie mass The sum of the neutrons and 
protons in an atom of an element. 
atrial natriuretic peptide (ANP) 

Hormone seereted by atria of the heart 
that promotes excretion of water to reduce 
blood volume. 

atrioventricular hundle (AV hundle) 

Speeialized muscle tissue earrying impnlses 
from the AV node to the ventrienlar fibers; 
the bundle of His. 

atrioventrienlar node (AV node) A node 
of speeialized mucle tissue that reeeives 
impulses from the SA node and transmits 
them to the AV bundle. 
atrophy The rednetion in muscle size and 
strength due to loss of myofibrils. 
atrium A heart ehamber that reeeives blood 
remrned to the heart by veins. 
auditory Pertaining to the ear. 
auditory ossieles Three tiny bones in the 
middle ear that transmit vibrations from the 
tympanie membrane to the oval window of 
the internal ear. 

auditory tuhe A mbe eonneeting the 
middle ear to the pharynx; the enstaehian 
mbe. 

autoimmune disease A variety of diseases 
caused by the body’s immune response 
attaeking the bodys own tissnes. 
autonomic ganglion A elnster of 
postganglionie eell bodies loeated external 
to the eentral nervons system. 
antonomie nervons system (ANS) The 
portion of the nervons system that is involved 
in subconscious aetivities. 
axial Pertaining to the longimdinal axis of 
the body. 


axial skeleton The portion of the skeleton 
that snpports and proteets the head, neek, 
and tmnk. 

axon A nenronal proeess that earries nerve 
impnlses away from the eell body. 

B 

B lymphoeyte A lymphoeyte that develops 
into an antibody-prodneing plasma eells; a 
B eell. 

hase A snbstanee that ionizes in water, 
releasing hydroxide ions (OH“). 
hasement memhrane A thin layer of 
noneellnlar material attaehing epithelial 
tissue to deeper eonneetive tissue. 
hasilar memhrane The membrane 
snpporting the spiral organ. 
hasophil A grannloeytie WBC with large 
blue eytoplasmie granules. 
hed hugs Mieroseopie parasitie inseets that 
feed almost exclusively off human blood. 
hedsores Skin ulcers caused by a defieient 
blood supply to loealized areas. 
henign prostatie hyperplasia (BPH) The 
enlargement of the prostate gland without 
inflammation. 

henign tumor A mmor that does not spread 
to another site. 

hile Fluid seereted by the liver and stored in 
the gallbladder. 

hile duct A small mbe that earries bile from 
the eystie and eommon hepatie ducts into 
the duodenum. 

hiliruhin A bile pigment formed by the 
breakdown of hemoglobin. 
hipolar neuron A neuron with only one 
dendrite and one axon. 
hirth defeets Physieal abnormalities that are 
inherited or caused by teratogens during 
prenatal development. 
hlastoeyst A preembryonie stage of 
development eonsisting of a hollow ball 
of eells. 

hlindness A partial or total loss of vision. 
hlister A fluid-filled poeket that forms when 
the epidermis separates from the dermis. 
hlood The speeialized fluid eonneetive tissue 
that transports snbstanees to and from eells. 
hoil A baeterial infeetion of a hair folliele and 
its sebaeeons gland. 

hone A hard eonneetive tissue with a rigid 
matrix eontaining ealeinm salts; bone tissue; 
osseous tissue. 

hotnlism Food poisoning caused by the 
bacterium eiostridmm bomlirmm. 
hraehial Pertaining to the arm. 
hrainstem The portion of the brain inelnding 
the midbrain, pons, and mednlla oblongata. 
Broea area The portion of the frontal lobe 
of the eerebmm that eoordinates mnseles 
involved in speeeh. 


540 Glossary 


bronehìal tree The branehing bronehi. 
bronehiole A braneh of the respiratory traet 
between bronehi and alveolar dnets. 
bronehitis Inflammation of the bronehi. 
bronehns A braneh of the respiratory traet 
between traehea and bronehioles. 
bnffer A snbstanee that stabilizes the pH of 
body flnids by eombining with or releasing 
hydrogen ions. 

bnlbo-nrethral glands Male aeeessory 
glands that seerete an alkaline seeretion into 
the nrethra. 

bnrn Damage to the skin eansed by heat, 
ehemieals, or radiation. 


e 

ealeitonin A hormone seereted by the 
thyroid gland that deereases the Ca^^ level 
of the blood. 

eallns Thiekened layers of epidermis eansed 
by ehronie pressnre. 

eanalienli Mieroseopie eanals between 
laennae in bone. 

eaneer A malignant tnmor; a tnmor that ean 
spread to other sites. 
eapillary A tiny blood vessel in tissnes 
where exchange of materials between the 
blood and the interstitial fluid occurs. 
earbaminohemoglobin (HbGO^) A 
compound formed by the eombination 
of earbon dioxide and hemoglobin. 
earbohydrate An organie eomponnd 
eomposed of earbon, hydrogen, and 
oxygen with a 2:1 ratio of hydrogen 
atoms to oxygen atoms. 
earbonie anhydrase An enzyme in 
RBCs that eatalyzes the eombination of 
earbon dioxide and water to form 
earbonie aeid. 

eardiae Pertaining to the heart. 
eardiae eontrol eenter The eenter in the 
mednlla oblongata eontrolling heart rate 
and foree of eontraetion. 
eardiae eyele The sequence of events that 
occur during one heartbeat. 
eardiae mnsele tissne The muscle in the 
wall of the heart. 

eardiae ontpnt The volume of blood pumped 
from eaeh ventriele in one minute. 
earotene A yellowish pigment that occurs in 
the skin; a preenrsor of vitamin A in plant 
foods. 

earpal bones The bones of the wrist. 
earrier-mediated aetive transport 

Movement of snbstanees aeross the 
plasma membrane by earrier proteins, 
usually against the eoneentration 
gradient, with the expenditure of 
energy. 

earrier protein A membrane protein that 
physieally binds to and transports a spe- 
eifie type of snbstanee aeross a plasma 
membrane. 


eartilage A speeialized eonneetive tissue 
eharaeterized by a semisolid matrix and 
ehondroeytes loeated within laennae. 
eataraet A vision disorder in which the lens 
of the eye beeomes elonded. 
eeenm The ponehlike first segment of the 
large intestine. 

eell The simplest strnemral and fnnetional 
unit of living organisms. 
eell body The portion of a neuron that 
eontains the nucleus. 

eell eyele Time period from the separation 
of danghter eells of one division to the 
separation of danghter eells of the next 
division. 

eell division The division of a parent eell to 
form new danghter eells. 
eelTmediated immnnity Immnnity 
that is eharaeterized by a direet attaek on 
pathogens by T eells. 

eellnlar respiration Breakdown of organie 
nntrients in eells to release energy and form 
ATP. 

eement The hard snbstanee that attaehes 
the root of a tooth, throngh periodontal 
ligaments, to an alveolns in the mandible 
or maxilla. 

eentral nervons system (CNS) The portion 
of the nervons system formed of the brain 
and spinal eord. 

eentral eanal A eanal in the eenter of an 
osteon that eontains blood vessels and 
nerves; osteonie eanal. 

eentriole A eytoplasmie organelle involved 
in the formation of the spindle during eell 
division. 

eentromere The portion of a ehromosome 
that is attaehed to a spindle fiber during eell 
division. 

eephalie Pertaining to the head. 
eerebellnm The part of the brain that 
eoordinates body movements. 
eerebral cortex The snperfieial layer of the 
eerebmm that is eomposed of gray matter. 
eerebral hemispheres The two major parts 
of the eerebmm that are separated by the 
longitndinal fissnre. 

eerebral palsy A motor disorder caused 
by brain damage, resnlting in nneontrolled 
muscular eontraetions. 
eerebrospinal flnid (CSF) The fluid filling 
the ventrieles of the brain, the snbaraehnoid 
spaee of the meninges, and the eentral eanal 
of the spinal eord. 

eerebrovasenlar aeeident (CVA) A stroke; 
brain impairment caused by aneurysm, 
hemorrhage, embolism, or thrombus. 
eerebrnm The portion of the brain involved 
in eonseions aetion, sensory pereeption, 
memory, and intelligenee. 
eernminons gland A gland that prodnees 
eemmen (earwax). 

eervieal Pertaining to the neek or to the 
cervix of the uterus. 

cervix The narrow end of the uterus that 
opens into the vagina. 


ehannel protein A mnnel-shaped membrane 
protein that ereates a pore or opening, 
which allows for a speeifie snbstanee to pass 
aeross a plasma membrane. 
ehemieal bond A bond that joins two atoms 
together. 

ehemieal formnla A shorthand designation 
of the kinds and nnmbers of atoms in a 
moleenle. 

ehemieal reaetion A proeess that makes or 
breaks ehemieal bonds. 

ehemoreeeptor Sensory reeeptor stimnlated 
by eertain ehemieals. 
ehief eell A eell of a gastrie gland that 
seeretes digestive enzymes. 
ehlamydia A sexually transmitted disease 
caused by the bacterium ehlamydia 
traehomatis. 

eholeeystokinin (CCK) A hormone seereted 
by the mucosa of the small intestine that 
stimnlates seeretion of panereatie juice and 
eontraetion of the gallbladder. 
eholinergie axon An axon that releases the 
aeetyleholine at its terminal bouton. 
ehondroeyte A eartilage eell. 
ehordae tendineae Cords of dense regnlar 
eonneetive tissue that anehor AV valve cusps 
to papillary muscles. 

ehorion The most superfìcial extraembryonic 
membrane forming from the trophoblast 
of the blastoeyst and eontribnting to the 
development of the plaeenta. 
ehorionie villi Fingerlike projeetions 
of the ehorion that penetrate into the 
endometrinm. 

ehoroid The middle, pigmented vasenlar 
layer of the eyeball. 

ehoroid plexus A speeialized mass of eapillaries 
and ependymal eells in the ventrieles of the 
brain that seerete eerebrospinal fìuid. 
ehromatid One-half of a replieated 
ehromosome. 

ehromatin grannles Portions of extended, 
nneoiled ehromosomes appearing as dark 
grannles in a eell nucleus. 
ehromosome A rodlike, dark body appearing 
in the nucleus during eell division; eomposed 
of DNA and protein. 

ehronie obstrnetive pnlmonary disease 
(eOPD) A group of disorders in which the 
airflow to the lungs is obstrneted. 
ehylomieron A mieroseopie droplet of 
lipids and lipid-soluble vitamins eoated 
with protein. 

ehyme The aeidie, semiliquid substance that 
exits the stomaeh into the small intestine. 
eilia Mieroseopie, hairlike projeetions from 
the free snrfaee of eiliated epithelial eells. 
eiliary body An enlarged ring, anterior to 
the ehoroid, eontaining the eiliary mnseles 
of the eye. 

circumduction The movement of a body 
part in a eirenlar path. 
eirrhosis The destrnetion of liver tissue 
and its replaeement with dense irregnlar 
eonneetive tissue. 
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eleavage The early divisions of a zygote 
leading to the formation of a mornla. 
elitoris Two eolnmns of eorpora eavernosa 
that extend bilaterally near the pnbis of a 
female. 

elone A popnlation of identieal eells derived 
from a eommon aneestral eell. 
eoagnlation The formation of a blood elot. 
eoehlea The eoiled portion of the internal 
ear eontaining the sensory reeeptors for 
hearing. 

eodon Three nneleotides of messenger RNA 
that eode for a speeifie amino aeid and 
that are eomplementary to both the three 
nneleotides of DNA and an antieodon of 
transfer RNA. 

eolitis Inflammation of the eolon mneosa. 
eollagen fibers Fibers eomposed of eollagen 
protein that provide strength and flexibility 
to eonneetive tissnes. 
eolleeting dnets Mieroseopie mbnles 
eomposing renal pyramids. 
eolon The major segment of the large 
intestine. 

eolor blindness The inability to see eertain 
eolors or all eolors. 
eoma A state of nneonseionsness. 
eommon eold A virus-caused inflammation 
of air passages and assoeiated strnemres. 
eommon mole A pigmented epidermal 
growth prodneed by growing elnsters of 
melanoeytes. 

eompaet bone Bone formed of tightly 
paeked osteons. 

eomplement A group of plasma proteins 
that works with antibodies to destroy eells of 
pathogens. 

eomponnd A snbstanee eomposed of two or 
more elements eombined. 

eoneentration gradient The differenee 
in the eoneentration of a snbstanee at two 
different loeations. 

eonenssion A jarring of the brain caused by 
a blow to the head. 

eondnetivity The ability of neurons to 
eondnet nerve impnlses. 
eondyle A ronnded proeess of a bone. 
eones Reeeptors for eolor vision that are 
loeated in the retina. 

eongestive beart failnre (CHF) A disorder 
in which the heart is unable to pump out all 
of the blood it reeeives. 
eonjnnetiva The mucous membrane lining 
the eyelids and eovering the anterior snrfaee 
of the eye. 

eonjnnetivitis Inflammation of the 
eonjnnetiva. 

eonneetive tissne A tissue that binds other 
tissnes together. 

eonstipation Diffienlt defeeation of hard, dry 
feees. 

eontraeeption Deviees or proeednres that 
prevent eontaet of sperm and seeondary 
ooeyte in sexual intercourse. 
eontraetion The shortening of a muscle in 
response to stimnlation. 


eorn A thiekened area of skin on the 
snperior snrfaee of a toe ereated by ehronie 
pressnre. 

eornea The anterior elear window of the eye. 
eoronary Pertaining to the heart. 
eoronary arteries The blood vessels that 
supply the myocardium. 
eorpns eallosnm A mass of myelinated and 
nnmyelinated axons eonneeting the two 
eerebral hemispheres. 
eorpns Intenm Gland formed from a 
ruptured ovarian folliele after ovnlation. 
cortex The snperfieial layer of an organ. 
eortisol A glneoeortieoid hormone seereted 
by the adrenal cortex. 
eostal Pertaining to the ribs. 
eostal eartilages Gartilages attaehing the 
ribs to the sternnm or to other eostal 
eartilages. 

eovalent bond A ehemieal bond between 
two atoms that is formed by the sharing of 
valenee eleetrons. 
coxal Pertaining to the hip. 
eramp Involnntary and painfnl tetany. 
eranial Pertaining to the eraninm. 
eranial eavity The eavity in which the brain 
resides. 

eranial nerve A nerve that originates from 
the brain. 

eraninm The skull bones forming the eranial 
eavity and enveloping the brain. 
ereatine pbospbate A eomponnd in muscle 
tissue that temporarily holds additional 
energy for forming ATP. 
ereatinine A nitrogenons waste prodneed by 
muscle metabolism. 

eretinism A eongenital disorder due to a 
laek of thyroid hormones. 
erista ampnllaris The strnemre in the 
ampnlla of a semieirenlar eanal eontaining 
sensory reeeptors for dynamie equilibrium. 
ernral Pertaining to the anterior snrfaee of 
the leg. 

enbital Pertaining to the elbow. 

Cusbing syndrome A disorder due to the 
hyperseeretion of glneoeortieoids by the 
adrenal cortex. 

cutaneous Pertaining to the skin. 
cutaneous membrane The skin. 
eyelie adenosine monopbospbate 
(cAMP) The seeond messenger involved 
with most nonsteroid hormones. 
eystie duct The duct leading from the 
gallbladder to the bile duct. 
eystitis Inflammation of the nrinary bladder. 
eytokine A ehemieal seereted by helper 
T eells that stimnlates the division of B eells 
to form a elone. 

eytokinesis The division of the eytoplasm 
during telophase of eell division. 
eytoplasm The semiliquid material loeated 
between the nucleus and plasma membrane 
of a eell. 

eytosine A nitrogen base of nneleie aeids 
that pairs with gnanine. 
eytosol A gel-like fluid of the eytoplasm. 


cytotoxic T eell (Te) A T eell that binds 
to eells with foreign antigens and injeets 
ehemieals to kill the eells. 


D 

dandrnff Excessive shedding of dead 
epidermal eells from the sealp. 
deafness A partial or total loss of hearing. 
deamination The removal of amine groups 
(-NH 2 ) from amino aeids. 
deciduous teetb The first set of teeth, 
which are lost and replaeed by permanent 
teeth. 

deeomposition (eatabolie) reaetion The 

breakdown of complex moleenles into 
simpler moleenles. 

defeeation The expulsion of feees throngh 
the anus. 

debydration syntbesis The eombining of 
two moleenles by the removal of a water 
moleenle. 

dendrite A nenronal proeess that earries 
impnlses toward the eell body or axon. 
dense eonneetive tissnes Snpportive 
eonneetive tissnes with dense, thiek protein 
fibers and few eells. 

dense irregnlar eonneetive tissue A 

dense eonneetive tissue with tightly paeked, 
irregularly arranged eollagen fibers. 
dense regnlar eonneetive tissue A dense 
eonneetive tissue with tightly paeked, 
regularly arranged eollagen fibers. 
dental earies Tooth deeay. 
dentin The hard, bonelike snbstanee that 
forms most of a tooth. 

deoxybemoglobin The moleenle remaining 
after oxyhemoglobin has given up some of 
its oxygen. 

deoxyribonucleic aeid (DNA) The 

double-stranded nneleie aeid forming the 
hereditary eomponent of ehromosomes. 
depolarization A ehange that causes the 
membrane potential to beeome less negative. 
dermal papillae Nipple-like projeetions of 
the dermis at the dermis-epidermis border. 
dermis The deep layer of the skin. 
detrnsor The muscle in the wall of the uri- 
nary bladder. 

diabetes insipidns A disorder caused by a 
defieieney of antidinretie hormone and by 
nonfnentional ADH reeeptors. 
diabetes mellitns A disorder caused by a 
defieieney of insnlin and by nonfnnetional 
insnlin reeeptors. 

diapbragm The sheetlike skeletal muscle 
separating the thoraeie and abdominopelvie 
eavities. 

diapbysis The shaft of a long bone. 
diarrbea Prodnetion of watery feees. 
diartbrosis A type of joint that is freely 
movable. 

diastole The relaxation phase of the eardiae 
eyele. 
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dìastolìe blood pressure The blood pressure 
in systemie arteries during heart diastole. 
dieneephalon The portion of the brain 
eontaining the thalamns, hypothalamns, and 
pineal gland. 

differentiatìon The proeess by which eells 
beeome speeialized for varions fnnetions. 
diffnsion The passive movement of sub- 
stanees from an area of higher eoneentration 
to an area of lower eoneentration. 
digestion The meehanieal and ehemieal 
proeess that breaks down food into 
absorbable nntrient moleenles. 
dipeptide A moleenle eomposed of two 
amino aeids ehemieally eombined. 
disaeeharide A moleenle eomposed of two 
monosaeeharides ehemieally eombined. 
disloeation Displaeement of a bone forming 
a joint. 

distal Farther from the origin. 
dinresis The excessive prodnetion of urine. 
divertienlitis Inflammation of divertienla of 
the eolon mucosa. 

dopamine A nemotransmitter seereted by 
eertain nenrons in the brain. 
dorsal eavity The body eavity eomposed of 
the eranial eavity and vertebral eanal. 
dorsnm Pertaining to the baek; the posterior 
snrfaee of the trunk. 

ductus arteriosus A short artery that earries 
blood from the pnlmonary trunk to the aorta 
during fetal development. 
ductus venosus A short vein that earries 
blood from the nmbilieal vein to the inferior 
vena eava during fetal development. 
duodenum The first segment of the small 
intestine. 

dura mater The most snperfieial membrane 
of the meninges. 

dynamie equilibrium The maintenanee of 
balanee when the head is in motion. 
dysgeusia A distorted or impaired sense of 
taste. 

dyslexia A reading disorder in which letters 
and words are reversed. 
dysosmia A distorted sense of smell. 
dysmenorrhea Painfnl menstrnation. 


E 

eating disorders Disorders resnlting from 
obsessive eoneerns about weight eontrol. 
eeerine sweat gland A sweat gland that 
seeretes sweat direetly to the skin snrfaee. 
eelampsia A disorder of pregnaney 
eharaeterized by high blood pressnre, edema, 
and possibly eonvnlsions and eoma. 
eetoderm The germ layer forming the 
posterior snrfaee of the embryonie dise. 
eetopie pregnaney A eondition in which 
the embryo is implanted at a site other than 
the uterus. 

eezema A skin disorder eharaeterized by red, 
dry, sealing skin. 


edema The swelling of tissnes due to the 
excessive accumulation of interstitial fluid. 
effeetor A structure (muscle or gland) that 
performs a fnnetion as the result of an 
integrating eentePs output. 
efferent glomernlar arteriole An arteriole 
earrying blood away from a glomerulus. 
eieosanoids A group of ehemieals seereted 
by nonendoerine eells that aet as paraerine 
signals affeeting the aetivity of nearby 
eells. 

ejaenlation The diseharge of semen from the 
male nrethra. 

ejaenlatory duct A short duct formed 
by the merger of the duct from a seminal 
vesiele and a vas deferens. 
elastie eartilage Gartilage eontaining an 
abnndanee of elastie fibers. 
elastie eonneetive tissue A dense 
eonneetive tissue with tightly paeked 
elastie fibers. 

elastie fibers Fibers eomposed of elastin 
protein that provide elastieity in eertain 
eonneetive tissnes. 

eleetroeardiogram (ECG or EKG) A reeord 
of the eleetrieal aetivity of the heart during a 
eardiae eyele. 

eleetrolyte A snbstanee that ionizes when 
dissolved in water. 

eleetron A negatively eharged partiele that 
revolves around an atomie nucleus. 
element A substance that eannot be broken 
down into a simpler snbstanee by ehemieal 
means. 

elephantiasis A disorder in which lymphatie 
vessels are plngged by an infestation of 
mieroseopie worms. 

embolism The bloekage of a blood vessel by 
an embolns. 

embolns A moving blood elot or foreign 
body in the blood. 

embryo The developmental stage extending 
from the beginning of the third week throngh 
the end of the eighth week of development. 
embryonie stem eells IJnspeeialized eells 
eapable of prodneing all types of speeialized 
human eells. 

emphysema A lung disorder in which 
alveolar walls rupture, reducing the 
respiratory snrfaee. 

enamel The hard snperfieial layer of a tooth 
crown. 

endocardium The internal lining of the 
heart ehambers. 

endoehondral bone Bone that is first 
formed of hyaline eartilage, which is 
replaeed by bone. 

endoehondral ossifieation The formation 
of bone within a eartilage. 
endoerine gland A gland that seeretes 
hormones. 

endoeytosis The proeess by which a eell 
engnlfs snbstanees by invagination of the 
plasma membrane. 

endoderm The germ layer forming the 
anterior snrfaee of the embryonie dise. 


endolymph The fluid in the membranons 
labyrinth of the internal ear. 
endometriosis The growth of endometrial 
tissue at sites other than in the uterus. 
endometrium The internal lining of the 
uterus. 

endoplasmie reticulum (ER) A network 
of membranons ehannels used to transport 
snbstanees within a eell. 
endosteum The eonneetive tissue membrane 
lining of a mednllary eavity and the trabeen- 
lae of spongy bone. 

endothelium The internal lining of the 
heart, blood vessels, and lymphatie vessels. 
enzyme A protein that aids and speeds up 
(eatalyzes) a speeifie ehemieal reaetion. 
eosinophil A grannloeytie WBC with red 
eytoplasmie grannles. 

ependymal eell A type of nenroglia that 
lines the ventrieles of the brain and the 
eentral eanal of the spinal eord. 
epieardinm Internal layer of the perieardial 
membrane that adheres to the snrfaee of the 
heart. 

epieondyle A bony projeetion loeated just 
superior to a eondyle. 
epidermis The stratified squamous 
epithelium eovering the dermis; the 
snperfieial layer of the skin. 
epididymis The highly eoiled mbe that 
earries sperm from the seminiferons tubules 
to the vas deferens. 

epigastrie region The snperior middle 
portion of the abdominopelvie eavity. 
epiglottis A eartilaginons flap that eloses over 
the larynx during swallowing. 
epilepsy A neural disorder eharaeterized by 
sudden lapses of eonseionsness and possible 
eonvnlsions. 

epinephrine A hormone seereted by the 
adrenal mednlla in response to stress. 
epiphysial line The line of fusion between 
an epiphysis and diaphysis when bone 
growth in length is eomplete. 
epiphysial plate The hyaline eartilage 
between the epiphysis and diaphysis of a 
growing long bone; growth plate. 
epithalamns The part of the dieneephalon 
loeated snperior and posterior to the thalamns 
forming the roof of the third ventriele. 
epiphysis The enlarged end of a long bone. 
epithelial tissue The body tissue that eovers 
the free surfaces of organs and the body, and 
forms seeretory portions of glands; epithelinm. 
ereetile dysfunction The inability to attain 
and maintain an ereetion long enough for 
sexual intereomse. 

ereetion The proeess by which ereetile tissue 
engorges with blood. 

erythropoietin (EPO) The hormone that 
stimnlates RBC prodnetion. 
esophagns The portion of the alimentary eanal 
earrying food from the pharynx to the stomaeh. 
essential amino aeids Amino aeids that 
must be obtained in food beeanse they 
eannot be synthesized by the body. 
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estrogens The female sex hormones prodneed 
primarily by the ovaries. 
eversion The movement that tnrns the sole 
of the foot laterally. 

exchange (rearrangement) reaetion 

A reaetion in which two reaetants 
exchange eomponents to form two 
different prodnets. 

excitation-contraction eonpling The 

pairing of a nerve impnlse and the physieal 
eontraetion of the mnsele fiber. 
excretion The removal of metabolie wastes 
and excessive snbstanees from the body. 
exocrine gland A gland whose seeretion is 
earried to a speeifie site by a duct. 
exocytosis The proeess by which a eell 
releases substances by fusion of a vesiele 
with the plasma membrane. 
exophthalmic goiter An endoerine 
disorder caused by hyperseeretion of thyroid 
hormones. 

expiration The movement of air out of the 
lungs; exhilation. 

extension A movement that inereases the 
angle between two body parts forming the 
joint. 

external Pertaining to the snrfaee of the 
body. 

external aeonstie meatns A eanal in the 
temporal bone that leads from the external 
environment to the tympanie membrane. 
external respiration Breathing and alveolar 
gas exchange. 

extracellular Pertaining to regions external 
to eells. 

extrinsic mnseles of the eyehall Mnseles 
that move the eyeball. 


F 

faeet A smalf flat snrfaee of a bone that is an 
artienlation site for another bone. 
faeilitated transport Movement of 
snbstanees aeross a plasma membrane 
with the help of earrier proteins. 
fainting A brief loss of eonseionsness due to 
a sudden rednetion in blood supply to the 
brain. 

farsightedness A visual disorder in which 
the image is foensed posterior to the retina. 
faseia Dense irregnlar eonneetive tissue 
supporting, eovering, and separating mnseles. 
fat A triglyeeride; adipose tissue. 
fatigne The laek of response to stimnlation 
by muscle eells or neurons. 
fatty aeid An organie moleenle that forms 
part of a triglyeeride. 

feees Material diseharged from the anus in 
defeeation. 

fertilization Union of sperm nucleus and 
ovum nucleus; eoneeption. 
fetus The developmental stage extending 
from the beginning of the ninth week of 
development to birth. 


fever A higher-than-normal body temperatnre. 
fever hlister A eold sore; small vesieles on 
the lips caused by a Herpes simplex viral 
infeetion. 

fihrin The insolnble protein filaments that 
form a blood elot. 

fihrinogen A solnble plasma protein 
eonverted into insolnble fibrin during 
blood elot formation. 
fihrohlast A eonneetive tissue eell that 
forms intercellular protein fibers and ground 
snbstanee. 

fihroeartilage Gartilage eontaining tightly 
paeked eollagen fibers. 
fìbromyalgia A painfnl eondition of the 
mnseles and joints with no known cause. 
fibrosis The replaeement of muscle tissue 
with dense irregnlar eonneetive tissue. 
filtration The foreing of water and 
solntes aeross a membrane by hydrostatie 
pressnre. 

fissure A long, narrow eleft separating two 
parts. 

flagellum A long, hairlike extension from a 
eell. 

flexion Movement that deereases the 
angle between two body parts forming 
the joint. 

folliele A eavity or saelike depression. 
folliele-stimnlating hormone (FSH) 

A hormone seereted by the anterior lobe of 
the pimitary gland that stimnlates oogenesis 
and spermatogenesis. 
follienlar epithelial eells Gells that 
surround a developing ooeyte. 
fontanelles Membranons regions between 
eranial bones of an infant. 
foramen A small eanal or passageway in a 
bone or membrane. 

foramen ovale The opening between the 
atria in a fetal heart. 

formed elements The solid eomponents of 
blood: red blood eells, white blood eells, and 
platelets. 

fossa A depression in a bone or organ. 
fovea eentralis A small depression in the 
retina that eontains only densely paeked 
eones. 

fraetnre A broken bone. 
free nerve endings Sensory neuron 
dendrites fnnetioning as sensory reeeptors. 
frontal plane A plane dividing the body or 
organ into anterior and posterior portions; a 
eoronal plane. 


G 

gallhladder A small sae inferior to the liver 
that temporarily stores bile. 
gallstones Crystallization of eholesterol in 
the bile within the gallbladder. 
gamete A sex eell; a sperm or ovum. 
ganglion A group of eell bodies loeated 
external to the eentral nervons system. 


gastrie gland A gland of the stomaeh mucosa 
that seeretes gastrie juice. 
gastrie juice The seeretion of gastrie glands 
eontaining HC1 and digestive enzymes. 
gastrin A hormone seereted by the stomaeh 
mucosa that stimulates the seeretion of 
gastrie juice. 

gene A unit of heredity; part of a DNA 
moleenle in a ehromosome. 
genital herpes A sexually transmitted 
disease caused by the herpes simplex virus 
type 2. 

genital warts A sexually transmitted disease 
caused by the human papilloma virnses. 
genotype The genetie eomposition of an 
individnal. 

germ layers The three tissue layers of the 
embryonie dise that form all body tissnes 
during embryonie development. 
gigantism An endoerine disorder caused by 
hyperseeretion of growth hormone before 
bone growth is eomplete. 
gland A eell or group of eells that produces 
a seeretion. 

globnlin A type of plasma protein. 
glomernlar (Bowman) eapsnle A double- 
walled membrane enelosing a glomerulus. 
glomernlar filtrate The fluid that enters the 
glomernlar eapsnle following filtration. 
glomernlar fìltration The foreing of water 
and small solntes from the blood in a 
glomemlns into a glomemlar eapsnle. 
glomernlonephritis Inflammation of the 
kidney involving the glomemli. 
glomerulus The elnster of eapillaries 
enveloped by the glomemlar eapsnle. 
glottis The narrow opening between the 
voeal folds within the larynx. 
glucagon The panereatie hormone that 
promotes the formation of glneose from 
glyeogen. 

glneoeortieoids A group of hormones 
seereted by the adrenal mednlla that 
inflnenees glneose metabolism. 
glneose The monosaeeharide that is the 
primary energy source for eells. 
glyeerol An organie eomponnd that is the 
baekbone of triglyeeride and phospholipid 
moleenles. 

glyeogen The polysaeeharide that is the 
storage form for earbohydrates in the body. 
goblet eell A mucus-producing epithelial eell. 
goiter An enlarged thyroid gland. 

Golgi complex A eellnlar organelle that paek- 
ages snbstanees for seeretion from the eell. 
gonad A primary sex gland; an ovary or testis. 
gonadotropin A hormone from the anterior 
lobe of the pimitary that stimnlates aetivity 
of the gonads. 

gonadotropin-releasing hormone (GnRH) 

Hormone seereted by the hypothalamns that 
aetivates the release of gonadotropins from 
the anterior lobe of the pimitary gland. 
gonorrhea A sexually transmitted disease 
caused by the bacterium Neisseria 
gonorrhoeae. 
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granulocyte A WBC eontaining visible 
eytoplasmie grannles. 
gray matter The portion of the eentral 
nervons system laeking myelin. 
groin The anterior body region at the 
jnnetion of a thigh and pelvis. 
growth hormone (GH) The hormone of the 
anterior lobe of the pimitary that promotes 
eell division and eell enlargement. 
gnanine A nitrogen base of nneleie aeids that 
pairs with eytosine. 


H 

hair eells Sensory reeeptors for hearing and 
equilibrium. 

hair folliele A mbelike extension of the 
epidermis in which a hair develops. 
head An enlargement on the end of a bone. 
heart eondnetion system Speeialized 
muscle tissue that transmits impnlses from 
the SA node to the myoeardinm. 
heart murmur An abnormal heart sound 
usually caused by a leaking valve. 
heart rate The number of heart eontraetions 
(beats) per minute. 

helper T eell (Th) A T eell that initiates 
immune responses after binding to a foreign 
antigen on an APC. 

hematopoiesis The formation of formed 
elements in the blood. 
hemoeytoblasts Stem eells in red bone 
marrow from which formed elements develop. 
hemoglohin The pigmented protein in red 
blood eells, involved in transporting oxygen 
and earbon dioxide. 

hemolytie disease of the newborn (HDN) 

A fetal disorder caused by maternal antibodies 
attaeking fetal Rh+ red blood eells. 
hemophilia A disorder in which elot 
formation is impaired. 

hemorrhage Bleeding; excessive blood loss. 
hemorrhoids Swollen, inflamed veins of the 
anal eanal. 

hemostasis The stoppage of bleeding. 
hepatie Pertaining to the liver. 
hepatie lobnles The strnemral and 
fnnetional units of the liver. 
hepatitis Inflammation of the liver. 
herniated dise A bnlging intervertebral dise. 
heterozygons A eondition in which the 
alleles eontrolling a trait are different. 
hives An itehing rash resnlting from an 
allergie reaetion. 

homeostasis The maintenanee of a 
dynamieally stable internal environment. 
homozygons A eondition in which the 
alleles eontrolling a trait are identieal. 
hormone A ehemieal seereted by an endoerine 
gland that affeets the fnnetions of target eells. 
human ehorionie gonadotropin (hCG) An 
LHTike hormone seereted by the trophoblast 
and ehorion that maintains the corpus luteum 
through 10 to 12 weeks of development. 


hyaline eartilage Most abnndant eartilage; 

protein fibers are not easily visible. 
hydrogen bond A weak bond between a 
positively eharged hydrogen atom and a 
negatively eharged atom in the same or a 
different moleenle. 
hydrogen ion H^; a single proton. 
hydrolysis The breakdown of complex 
moleenles into simpler moleenles by the 
addition of water moleenles. 
hydroxide ion OH~. 

hymen A membrane that partially eovers the 
vaginal orifiee. 

hyperglyeemia A higher than normal 
eoneentration of glneose in the blood. 
hyperparathyroidism The hyperseeretion of 
PTH, which ean lead to weakened bones and 
kidney disease. 

hyperseeretion Prodnetion of an excessive 
amount of a seeretion. 

hypertension ehronie high blood pressnre. 
hypertonie solntion A solntion with a 
higher eoneentration of solntes (lower 
eoneentration of water) than the eell. 
hypertrophy An inerease in muscle fiber 
size and strength. 

hypoehondriae region Either the left 
or right snperior lateral portion of the 
abdominopelvie eavity lying lateral to the 
epigastrie region. 

hypogastrie The inferior middle region of 
the abdominopelvie eavity. 
hypogensia A redneed ability to taste. 
hypoglyeemia A lower than normal 
eoneentration of glneose in the blood. 
hypoparathyroidism The hyposeeretion 
of PTH, which ean lead to neuromuscular 
insufficiency and eardiae arrest. 
hyposeeretion Prodnetion of an insnffieient 
amount of seeretion. 

hyposmia A deereased ability to deteet odor. 
hypothalamns The part of the dieneephalon 
inferior to the thalamns, anterior to the 
midbrain, and to which the pitnitary gland 
is attaehed. 

hypotonie solntion A solntion with a 
lower eoneentration of solntes (higher 
eoneentration of water) than the eell. 


immnnity Resistanee to speeifie antigens. 
immnnoeompetent Capable of responding 
to a foreign antigen. 

immunoglohulin Plasma proteins eonsisting 
of antibodies. 

impetigo A highly eontagions baeterial 
infeetion of the skin eharaeterized by 
pustules that rupture and beeome ernsted. 
implantation The attaehment of a blastoeyst 
to the endometrinm. 
impotenee The inability of a male to 
obtain and maintain an ereetion for sexual 
intercourse. 


infant respiratory distress syndrome 
(IRDS) Disorder caused by the inability 
to prodnee snrfaetant in the lungs of an 
infant. 

infeetions mononneleosis A viral infeetion 
of lymphoeytes that causes them to resemble 
monoeytes. 

inferior vena eava Large vein that remrns 
blood to the right atrium from regions 
inferior to the heart. 
infertility In females, the inability to 
eoneeive; in males, the inability to prodnee 
sperm to aehieve fertilization of the 
seeondary ooeyte. 
inflammation A tissue response 
eharaeterized by inereased blood flow, 
redness, and fluid accumulation. 
inflammatory howel disease (IBD) A group 
of ehronie disorders eharaeterized by inflamed 
intestines and intestinal eramps resnlting 
from an overaetive immune response. 
inflnenza A virus-caused disorder with 
eoldlike symptoms. 

ingninal region Either the left or right 
inferior lateral portion of the abdominopelvie 
eavity lying lateral to the hypogastrie region. 
inhihin A hormone prodneed by ovaries and 
testes that inhibits seeretion of FSH. 
inorganie snbstanee A ehemieal that does not 
eontain both earbon and hydrogen together. 
insertion The movable attaehment of a 
skeletal muscle. 

inspiration Movement of air into the lungs; 
inhalation. 

insnlin The panereatie hormone that helps 
glneose to enter body eells. 
integrating eenter A stmemre that 
proeesses information and makes a deeision 
based on that information. 
integnment The skin. 
interatrial septum Sepmm separating the 
left and right atria of the heart. 
interealated dise A dark-staining membrane at 
the jnnetion of adjoining eardiae muscle eells. 
intereellnlar Pertaining to the spaees 
between eells. 

internal Pertaining to the interior of the 
body or an organ. 

internal respiration Systemie gas exchange 
and eellnlar respiration. 
internenron A neuron responsible for 
proeessing and interpreting nerve impnlses 
within the eentral nervons system. 
interphase The nondividing phase between 
two eell divisions. 

interstitial eell A eell loeated between 
seminiferons tubules that seeretes 
testosterone. 

interstitial fluid intereellnlar fluid; tissue 
fluid. 

interventricular septum Sepmm separating 
the left and right ventrieles of the heart. 
intervertebral dise The fibroeartilaginons 
pad separating two adjaeent vertebrae. 
intestinal gland A gland of the mucosa of the 
small intestine that seeretes intestinal juice. 
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intestinal jniee The seeretion of intestinal 
glands. 

intestinal villns A smalf fingerlike 
projeetion of the intestinal mneosa. 
intraeellnlar Pertaining to within eells. 
intramembranons bone Bone that 
develops within layers of membranes. 
intramembranons ossifieation The 
formation of bone within embryonie 
eonneetive tissne. 

intrinsie faetor A snbstanee seereted by 
gastrie glands that is essential for adequate 
absorption of vitamin B12. 
inversion The movement that turns the sole 
of the foot medially. 

involnntary Without conscious eontrol. 
ion An atom or group of atoms with an 
eleetrieal eharge. 

ionie bond A ehemieal bond formed 
between two ions with opposing eleetrieal 
eharges. 

ionization The dissoeiation of eomponnds 
forming ions. 

iris The eolored eirenlar muscle that eontrols 
the amount of light entering the lens of the 
eye. 

irritability The ability of a neuron to 
respond to a stimulus by forming a nerve 
impnlse. 

irritable bowel syndrome Intestinal 
disorder eansing abdominal bloating, 
eramping pain, eonstipation, and diarrhea. 
isotonie solmion A solntion that has 
the same eoneentration of solntes (same 
eoneentration of water) as the eell. 
isotope An atom with a different number of 
neutrons than atoms of the same element. 

J 

joint The jnnetion between two bones or 
between a bone and a tooth; an artienlation. 
juxtaglomerular complex Speeialized 
eells of the afferent glomernlar arteriole and 
aseending limb of the nephron loop that are 
involved in eontrolling glomernlar blood 
pressnre. 

K 

keratin A waterproofing protein formed in 
the epidermis, nails, and hair. 
keratinization The proeess by which eells 
form large amonnts of keratin. 

L 

labia majora The lateral folds of the female 
external genitalia. 

labia minora The medial folds of the female 
external genitalia. 


labor The series of events assoeiated with 
ehildbirth. 

labyrinth The intereonneeting mbes and 
ehambers of the internal ear. 
labyrinthine disease A group of internal 
ear disorders that prodnee symptoms of 
dizziness and nausea. 

laerimal apparatns Structures involved in 
the prodnetion and removal of tears. 
laerimal gland A gland that seeretes tears. 
laetase The brush border enzyme that 
eatalyzes the digestion of laetose into 
glneose and galaetose. 
laetation Milk seeretion. 
laeteal A lymphatie eapillary within a villus 
of the small intestine. 

laetie aeid An organie by-product formed from 
pymvie aeid during anaerobie respiration. 
lacuna A fluid-filled eavity in bone or eartilage 
that eontains an osteoeyte or ehondroeyte. 
lamellae Layers of solid matrix in bone. 
laryngitis Inflammation of the mneosae of 
the larynx. 

larynx The eartilaginons box loeated 
between the pharynx and traehea that 
eontains the voeal folds. 
lateral Pertaining to the side. 
lens The stmetnre that foenses images on the 
retina of the eye. 

lenkemia A eaneerons blood disorder 
eharaeterized by an excess prodnetion of 
eertain WBCs. 

lenkotrienes Seeretions by eells that 
promote inflammation in nearby eells. 
ligament A eord or sheet of dense regnlar 
eonneetive tissue that joins bones together 
at freely movable joints. 
limbie system The portions of the eerebmm 
and dieneephalon involved in emotions and 
moods. 

lingnal Pertaining to the tongue. 
lipase The enzyme that eatalyzes the 
digestion of triglyeerides. 
lipid A elass of organie eomponnds that 
inelndes steroids, triglyeerides, and 
phospholipids. 

liver The digestive gland that seeretes bile 
and proeesses absorbed nntrients prior to 
their entranee into the general eirenlation. 
longitndinal eerebral fissnre The deep 
fissnre that separates the left and right 
eerebral hemispheres. 
loose eonneetive tissnes Snpportive 
eonneetive tissnes with widely spaeed 
protein fibers intertwined between eells. 
lumbar Pertaining to the posterior tmnk 
region between the ribs and hips. 
lumen The spaee within a tubular structure. 
lungs The respiratory organs for gas exchange. 
Inteinizing hormone (LH) The hormone 
seereted from the anterior lobe of the 
pitnitary that causes ovulation and eontrols 
the fnnetions of the corpus luteum in females 
and testosterone seeretion in males. 
lymph A fluid eonneetive tissue in lymphatie 
vessels. 


lymphadenitis Inflammation of the lymph 
nodes. 

lymph node A small mass of lymphoid 
tissue along a lymphatie vessel that filters 
lymph as it passes throngh. 
lymphatie vessel A vessel transporting lymph. 
lymphoeyte A type of white blood eell that 
is involved in immune reaetions. 
lymphoma A eaneer of lymphoid tissue. 
lysis Rupture of a eell due to a rapid uptake 
of water. 

lysosome A cellular organelle eonsisting of a 
sae of digestive enzymes. 


M 

maerophage A modified monoeyte that 
has entered tissue spaees and is involved in 
phagoeytosis and immune reaetions. 
macula Sense organ of the internal ear 
eontaining sensory reeeptors for statie and 
dynamie equilibrium; the yellow spot on the 
retina eontaining the fovea eentralis. 
major calyx IJrine-eolleeting passageway 
formed by the eonvergenee of two or three 
minor ealyees. 

malìgnant tumor A tumor with the 
eapability of spreading (metastasizing) to 
other sites; a eaneer. 

maltase The brush border enzyme that 
eatalyzes the digestion of maltose into 
glneose and frnetose. 

mammary gland A milk-producing gland 
loeated within a female breast. 
mast eell A modified basophil in tissue 
spaees that releases histamine and serotonin 
in allergie reaetions. 

mastieation The proeess of chewing food. 
matrix Extracellular substance in eonneetive 
tissnes. 

matter Anything that has weight (mass) and 
oeenpies spaee. 

maximal stimulus A stimulus producing a 
maximum response by a muscle. 
meehanoreeeptor Sensory reeeptor 
stimnlated by meehanieal forees such as 
pressure and touch. 
medial Toward the midline. 
median (midsagittal) plane A plane that 
divides the body or an organ into equal left 
and right halves. 

mediastinnm The medial spaee that 
separates the thoraeie eavity into left and 
right portions. 

mednlla The deep or eentral portion of an 
organ. 

mednlla oblongata The part of the brainstem 
that is continuous with the spinal eord. 
mednllary eavity The eentral eavity in the 
shaft of a long bone. 

meiosis The proeess in meiotie eell division 
that rednees the number of ehromosomes in 
danghter eells to one-half that of the parent 
eell. 
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meiotie eell division The type of eell 
division involved in the formation of 
gametes. 

melanin The brown-black pigment fonnd in 
the epidermis. 

melanoeyte A eell of the epidermis that 
prodnees melanin. 

melatonin A hormone seereted by the pineal 
gland that inflnenees biorhythms. 

membrane potential Voltage ereated 
by eleetrieal eharge differenees aeross the 
plasma membrane. 

memory eell A dormant B or T eell 
prodneed in an initial immnne response 
that ean respond quickly if the same antigen 
reappears. 

meninges A group of three membranes that 
envelops the brain and spinal eord. 
meningitis Inflammation of the meninges. 
menopanse The eessation of menstrnation. 
menstrnal eyele The repetitive monthly 
ehanges in the endometrinm. 
menstrnation The breakdown and diseharge 
of the endometrinm. 
mental illness A group of disorders 
eharaeterized by abnormal behaviors. 
mesentery A fold of the peritonenm that 
snpports internal abdominal organs. 
mesoderm The middle germ layer of the 
embryonie dise. 

messenger RNA (mRNA) The type of RNA 
that earries information for protein synthesis 
from DNA to the ribosomes. 
metabolism The sum of all of the ehemieal 
reaetions that occur in the body. 
metaearpals The bones of the palm. 
metaphase The phase of eell division 
eharaeterized by the ehromosomes arranged 
along the equator of the eell. 
metatarsals The bones in the foot between 
the tarsal bones and the phalanges. 
mierofilament A mieroseopie protein strand 
within eells that is part of the eytoskeleton. 
mieroglial eell A type of nenroglia involved 
in phagoeytosis. 

mierotnbnle A mieroseopie tubule of protein 
within eells that is part of the eytoskeleton. 
mierovilli Mieroseopie projeetions of the 
plasma membrane on the free snrfaees of 
eertain epithelial eells. 
mietnrition IJrination. 

midbrain The part of the brainstem snperior 
to the pons and inferior to the thalamns. 
mineraloeortieoids A group of hormones 
seereted by the adrenal cortex that inflnenee 
the eoneentration of eleetrolytes in body 
fluids. 

minor calyx A funnel-like reeeptaele 
reeeiving urine from a renal papilla. 
misearriage A spontaneons abortion. 
mitoehondrion A eellnlar organelle that is 
the site of aerobie respiration. 
mitosis The proeess in mitotie eell division 
that distribntes replieated ehromosomes so 
that danghter eells reeeive the same number 
of ehromosomes as the parent eell. 


mitotie eell division The proeess of eell 
division that prodnees danghter eells 
identieal to the parent eell; is involved in 
growth and repair of the body tissnes. 
mitral valve The valve between the left 
atrium and the left ventriele; the left 
atrioventrienlar valve. 

mixed nerve A nerve eonsisting of axons of 
both sensory and motor nenrons. 
moleenle Two or more similar or dissimilar 
atoms bonded together by eovalent bonds. 
monoeyte A large agrannloeytie WBC that 
fnnetions in phagoeytosis. 
monosaeeharide A simple sugar; a structural 
unit of earbohydrates. 

morning siekness A temporary disorder of 
pregnaney eharaeterized by nausea upon 
arising. 

motion siekness Nausea triggered by 
repetitive equilibrium reeeptor stimulation. 
motor area The region of the eerebrnm that 
initiates aetions of skeletal mnseles. 
motor division Portion of the nervons 
system earrying nerve impnlses from the 
CNS to mnseles, glands, and adipose tissue. 
motor nerve A nerve eonsisting mostly of 
axons of motor nenrons. 
motor nenron A neuron that aetivates a 
muscle, gland, or adipose tissue. 
motor unit A single motor neuron and the 
muscle fibers that it eontrols. 
mucous membrane An epithelial membrane 
that lines body eavities that have openings to 
the external environment; mucosa. 
mucus Thiek fluid produced by goblet eells. 
multiple selerosis (MS) A disorder 
eharaeterized by the degeneration of the 
myelin sheath surrounding nenrons in the 
eentral nervons system. 
multipolar neuron A neuron with several 
dendrites and one axon. 
muscle fiber A skeletal muscle eell. 
muscle tissue The type of body tissue that 
is speeialized for eontraetion. 
muscle tone A state of partial eontraetion. 
muscular dystrophy A disorder eharaeterized 
by the atrophy of mnseles. 
mutation A spontaneons ehange in a gene. 
myasthenia gravis A disorder eharaeterized 
by severe muscular weakness. 
myelin sheath An insnlating layer, formed 
by nenroglia, that surrounds an axon. 
myelin sheath gaps Tiny spaees between 
adjaeent myelin-forming eells, where the 
axon is exposed; nodes of Ranvier. 
myoeardial infaretion Death of a portion 
of the myoeardinm due to bloekage of a 
eoronary artery; a heart attaek. 
myoeardinm The muscle layer of the heart 
wall. 

myofibril A thin eontraetile element within 
a muscle eell. 

myofilament Contractile filament within a 
myofìbril; eomposed of either aetin or myosin. 
myoglobin A protein in mnseles that 
temporarily stores a small amount of oxygen. 


myositis Inflammation of a muscle. 
myxedema An adult disorder caused by a 
hyposeeretion of thyroid hormones. 

N 

nasal eavity The internal eavity of the nose. 
nasal septum The partition of bone and 
nasal eartilage separating the nasal eavity 
into left and right portions. 
nearsightedness A vision disorder in which 
the image is foensed anterior to the retina. 
negative-feedbaek meehanism A eontrol 
meehanism that retnrns a physiologieal 
variable to its set point and then turns off 
onee homeostasis is restored. 
nephron The structural and fnnetional unit 
of the kidney. 

nerve A bundle of myelinated and 
nnmyelinated axons in the peripheral 
nervons system. 

nerve impnlse An eleetroehemieal signal 
ereated by and eondneted along the axon of 
a neuron; aetion potential. 
nerve traet A bundle of myelinated and 
nnmyelinated axons in the eentral nervons 
system. 

nervons tissue Tissue speeialized for 
the formation and eondnetion of nerve 
impnlses. 

neuralgia Pain in a nerve. 
neurilemma The most snperfieial layer, 
formed by a Schwann eell, that wraps 
around a myelinated axon in the peripheral 
nervons system. 

neuritis Inflammation of a nerve. 
neuroglia Snpportive and proteetive eells 
within the nervons system. 

neuromuscular junction The jnnetion of 
the terminal bouton of a motor neuron with a 
muscle fìber. 

neuron A eell eapable of producing a nerve 
impnlse; a nerve eell. 

nenrotransmitter A ehemieal seereted by 
a terminal bouton that ean excite or inhibit 
the postsynaptie eell. 

nentron A noneharged partiele in an atomie 
nucleus. 

nentrophil A phagoeytie WBC with pale 
lavender eytoplasmie grannles. 
noeieeptor Sensory reeeptor stimnlated by 
tissue damage; pain reeeptor. 

nonspeeifie resistanee Resistanee 
meehanisms that aet against all types of 
pathogens. 

norepinephrine A nenrotransmitter 
released by terminal bontons of sympathetie 
postganglionie nenrons; a hormone seereted 
by the adrenal mednlla. 
nnelear envelope The double membrane 
surrounding the nucleus of a eell. 
nneleie aeid A compound whose moleenles 
are eomposed of a series of nneleotides; 
either DNA or RNA. 
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nucleolus A dark-staining spherieal strnetnre 
within a eell nnelens that is eomposed of 
protein and rRNA. 

nucleotide The bnilding unit of nucleic 
aeids; eonsists of a simple sugar, a phosphate 
group, and a nitrogen base. 
nucleus The spherieal eellnlar organelle 
eontaining the ehromosomes; the eore of an 
atom; or a mass of eell bodies in the eentral 
nervons system. 

nutrient A snbstanee required for body eells 
to hmetion. 


0 

olfaetory Pertaining to the sense of smell. 
oligodendroeyte A type of nenroglia that 
forms a myelin sheath around axons within 
the eentral nervons system. 
ooeyte An immatnre ovum (egg eell). 
oogenesis The proeess of ovum formation. 
oogonia The stem eells in an ovary that 
divide to form primary ooeytes. 
ophthalmie Pertaining to the eye. 
optie Pertaining to the eye. 
optie ehiasma The site on the inferior 
snrfaee of the brain where axons from the 
medial half of the retina eross over to the 
opposite side of the brain. 
optie dise The site where retinal ganglion 
eell axons exit the eye and form the optie 
nerve; the blind spot. 
oral Pertaining to the mouth. 
organ A structure formed of two or more 
tissues that performs speeifie functions. 
organ system A group of organs that 
work in a eoordinated fashion to earry out 
speeialized hinetions. 

organelle A distinet strnemre within a eell 
that performs speeifie fnnetions. 
organie eomponnds Compounds eontaining 
both earbon and hydrogen. 
orgasm The enlmination of sexual 
stimulation. 

origin The nonmovable attaehment of a 
skeletal muscle. 

osmosis The passive movement of water 
aeross a seleetively permeable membrane. 
ossifieation The proeess of bone formation. 
osteoblast A eell that deposits bone matrix. 
osteoelast A eell that removes bone matrix. 
osteoeyte A matnre bone eell. 
osteomyelitis An inflammation of bone 
and bone marrow caused by baeterial 
infeetion. 

osteon The stmetnral unit of eompaet bone 
eonsisting of lamellae and osteoeytes around 
a eentral eanal. 

osteoporosis A disorder in which bone 
matrix is reabsorbed, prodneing weakened 
bones. 

otitis media A middle ear infeetion. 
otolith A grannle of ealeinm earbonate 
assoeiated with reeeptors for equilibrium. 


oval window The membrane-eovered 
opening in the vestibnle of the internal ear 
into which the stapes is inserted. 
ovarian Pertaining to an ovary. 
ovarian eyele The repetitive monthly 
ehanges that occur in the ovary. 
ovarian folliele A spherieal stmemre 
eomposed of an ooeyte enveloped by 
snpporting eells. 

ovary The female gonad prodneing ooeytes 
and female sex hormones. 
ovnlation The mpmre of a mamre ovarian 
folliele, releasing a seeondary ooeyte. 
ovum A female reprodnetive eell; a female 
gamete. 

oxyhemoglobin (HbO^) The eomponnd 
earrying oxygen to body eells. 
oxytocin (OT) The hormone seereted from 
the posterior lobe of the pitnitary gland that 
stimnlates nterine eontraetions and milk 
ejeetion. 


p 

palate The roof of the mouth formed of the 
hard and soft palates. 

palmar Pertaining to the palm of the hand. 
panereas An abdominal organ seereting both 
digestive seeretions and hormones. 
panereatie duct The mbe earrying 
panereatie juice to the duodenum. 
panereatie islets Clumps of panereatie eells 
that seerete insnlin and glneagon. 
papilla A small, nipplelike projeetion. 
papillary muscle A projeetion of the 
myoeardinm to which ehordae tendineae 
are attaehed. 

paralysis A disorder in which a muscle is 
unable to eontraet. 

parasagittal plane A vertieal plane that 
divides the body or a body part into unequal 
right and left portions. 

paranasal sinus An air-filled eavity in a bone 
loeated near the nasal eavity. 
parasympathetie division The part of the 
antonomie nervons system arising from the 
brainstem and saeral region of the spinal 
eord. 

parathyroid glands Small endoerine glands 
embedded in the posterior snrfaee of the 
thyroid gland. 

parathyroid hormone (PTH) The hormone 
seereted by the parathyroid glands that 
causes an inerease in blood ea^"^ levels. 
parietal Pertaining to the wall of a eavity. 
parietal eell A type of eell in gastrie glands 
that seeretes hydroehlorie aeid and intrinsie 
faetor. 

parietal perieardinm The external mem- 
brane of the perieardinm. 
parietal peritonenm The membrane lining 
the wall of the abdominal eavity. 
parietal pleura A plenral membrane lining 
the internal snrfaee of the thoraeie eavity. 


Parkinson disease A neural disorder 
eharaeterized by muscular weakness, 
tremor, and rigidity. 

parotid glands The largest salivary glands 
loeated just anterior and inferior to the ears. 
partnrition The proeess of giving birth. 
passive transport Movement of snbstanees 
aeross plasma membranes without the 
expenditure of energy. 

pathogen A disease-eansing snbstanee, virus, 
or organism. 

peetoral Pertaining to the ehest. 
peetoral girdle The bones that attaeh the 
upper limbs to the trunk at the shonlder. 
pelvie Pertaining to the pelvis. 
pelvie eavity The inferior portion of the 
abdominopelvie eavity. 
pelvie girdle The bones that attaeh the 
lower limbs to the trunk at the hips. 
pelvie inflammatory disease (PID) 
Inflammation of the female reprodnetive 
organs and pelvie tissnes. 
pelvis The ring of bones formed by the coxal 
bones and saernm. 

penis The male eopnlatory organ eontaining 
the nrethra. 

pepsin An enzyme seereted by gastrie glands 
that eatalyzes the digestion of proteins. 
peptie ulcers Digestion of part of the 
stomaeh mucosa. 

peptidase The enzyme that eatalyzes the 
digestion of peptides into amino aeids. 
peptide A eomponnd eomposed of two or 
more amino aeids. 

peptide bond A bond that joins two amino 
aeids. 

pereeption The eonseions awareness of a 
sensation. 

perieardinm The membranons sae enelosing 
the heart. 

perieardial eavity The potential spaee 
between the epieardinm and parietal 
perieardinm. 

periearditis Inflammation of the perieardinm. 
perichondrium A eonneetive tissue mem- 
brane eovering the snrfaees of eartilage. 
perilymph The fluid in the bony labyrinth 
of the internal ear. 

perineum In males, the region between the 
anus and the serotnm; in females, the region 
between the anus and the mons pubis. 
periodontal disease A disorder in which 
gums are inflamed and assoeiated periodon- 
tal ligaments and bone degenerate. 
periostenm The membrane formed of dense 
irregnlar eonneetive tissue that eovers the 
external snrfaees of bones. 
peripheral nervons system (PNS) Portion 
of the nervons system eomposed of eranial 
and spinal nerves, ganglia, and sensory 
reeeptors. 

peripheral resistanee Resistanee slowing 
the flow of blood; frietion between the 
blood and the walls of blood vessels. 
peristalsis The wavelike eontraetions that 
move materials throngh tubular organs. 
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peritoneal eavity The potential spaee 
between the viseeral and parietal peritoneal 
membranes. 

peritonenm The serons membrane lining 
the abdominal eavity and eovering internal 
abdominal organs. 

peritonitis Inflammation of the peritonenm. 
peritnbnlar eapillaries The eapillary 
network that snrronnds a renal tnbnle. 

PH A measnre of the hydrogen ion 
eoneentration of a solntion. 
pH seale A seale that establishes the valnes 
of pH from 0 to 14. 

phagoeytosis The proeess by which eells 
engnlf partieles. 

pharynx The eavity between the month 
and the esophagns or larynx, used in both 
breathing and swallowing; the throat. 
phenotype The observable traits determined 
by genes. 

phlebitis Inflammation of a vein. 
phospholipid A molecule eontaining two 
fatty aeids and a phosphate group attaehed 
to glyeerol. 

photoreeeptor Sensory reeeptor stimnlated 
by light; rod or eone. 
physiologieal janndiee A disorder of 
newborn infants caused by the rapid 
destruction of fetal RBCs. 
physiology The study of body hmetions. 
pia mater The delieate, deepest membrane 
of the meninges. 

pineal gland A small endoerine gland 
within the brain that is involved in 
biorhythms. 

pinoeytosis The proeess by which eells 
engulf liquids. 

pitnitary dwarfism Abnormal growth 
caused by hyposeeretion of growth 
hormone from the anterior lobe of the 
pitnitary gland. 

pitnitary gland The endoerine gland attaehed 
to the hypothalamns; the hypophysis. 
plaeenta The temporary organ that allows 
for the exchange of snbstanees between 
maternal and embryonie/fetal bloods. 
plantar Pertaining to the sole of the foot. 
plasma The liquid portion of the blood. 
plasma eell An aetivated B eell that 
prodnees antibodies. 

plasma membrane The membrane that 
separates a eell from its environment. 
plasma protein One of several proteins 
dissolved in the plasma. 
platelet A eellnlar fragment in blood, 
involved in blood elot formation. 
plenra The serous membrane that lines the 
thoraeie eavity and eover the snrfaees of the 
lungs; plenral membrane. 
plenral eavity The potential spaee between 
the viseeral and parietal plenrae. 
plenrisy Inflammation of the plenral 
membranes. 

plexus A network of nerves or blood 
vessels. 


pnenmonia An acute inflammation of the 
alveoli caused by baeterial or viral infeetion. 
polar body A smalf nonfnnetional eell 
formed during oogenesis. 
polar moleenle A moleenle with slightly 
positive or negative eharges on its snrfaee. 
polarization The formation of an eleetrieal 
eharge on a plasma membrane due to 
unequal eoneentrations of ions on either side 
of the membrane. 

poliomyelitis A viral disease in which motor 
nenrons are destroyed, eansing paralysis. 
polyeythemia A disorder in which there is 
an excessive number of RBCs. 
polypeptide An organie eomponnd formed 
of many amino aeids. 
polysaeeharide An organie eomponnd 
formed of many monosaeeharide units. 
pons The part of the brainstem loeated 
between the midbrain and the mednlla 
oblongata. 

popliteal The body region eomposed of the 
posterior portion of the knee. 

positive-feedbaek meehanism A meehanism 
that amplifìes a eondition and moves it away 
from homeostasis. 

posterior Toward the baek; dorsal. 
posterior root The posterior attaehment of a 
spinal nerve to the spinal eord that eontains 
axons of sensory nenrons. 
postganglionie axon An antonomie axon 
extending from an antonomie ganglion to an 
effeetor. 

postnatal The period after birth; opposite, 
prenatal. 

postsynaptie Pertaining to the eell that is 
aetivated by a signal at a synapse. 
preembryo The developmental stage 
extending from fertilization throngh the 
end of the seeond week of development. 
preganglionie axon An antonomie axon 
extending from the eentral nervons system to 
an antonomie ganglion. 

pregnaney The female eondition in which a 
developing offspring is in the uterus. 
premenstrnal syndrome (PMS) A 
female disorder oeemring just prior to 
menstruation eharaeterized by pain and 
emotional stress. 

prenatal The period from eoneeption to 
birth; opposite, postnatal. 
presbyopia The visual eondition in which 
the near-point distanee beeomes greater 
with age. 

presynaptie Pertaining to the neuron that 
releases a signal at a synapse. 
primary lymphoid organ An organ where 
lymphoeytes beeome immnnoeompetent. 
prime mover A muscle whose eontraetion 
is primarily responsible for a partienlar 
movement. 

proeess A projeetion on a bone. 
progesterone A female sex hormone 
seereted by the corpus luteum and the 
plaeenta that maintains the endometrinm. 


projeetion The brain meehanism that makes 
a sensation seem to eome from the body part 
being stimnlated. 

prolaetin (PRL) The hormone seereted 
from the anterior lobe of the pimitary 
that stimnlates the prodnetion of milk by 
mammary glands. 

pronation Tnrning the forearm so the palm 
faees inferiorly. 

prophase The phase of mitosis in which 
the ehromosomes eoif appearing as rodlike 
stmemres. 

proprioeeptor Sensory reeeptor stimnlated 
by ehanges in body position or movements 
of the body or its parts. 
prostaglandins A elass of eieosanoids that 
promote a variety of effeets in nearby 
eells. 

prostate gland An aeeessory gland that 
surrounds the proximal portion of the 
male nrethra. 

prostatitis The inflammation of the prostate 
gland. 

protein A complex, nitrogen-eontaining 
organie eomponnd that usually eonsists of 
more than 50 amino aeids. 
prothrombin An inaetive plasma protein 
that is eonverted to thrombin in blood elot 
formation. 

prothrombin aetivator Snbstanee released 
by platelets that eonverts prothrombin into 
thrombin. 

proton A positively eharged partiele in an 
atomie nucleus. 

protraetion The movement of a body part 
anteriorly. 

proximal Pertaining to nearer the origin. 
psendostratified An arrangement of eells 
that appears layered but is not. 
psoriasis A ehronie skin disorder 
eharaeterized by redness, itehing, and 
excessive sealing. 

pnberty The developmental stage in which 
the reprodnetive organs mamre and beeome 
fnnetional. 

pnlmonary Pertaining to the lungs. 
pnlmonary eirenit The blood pathway 
that transports blood to and from the 
lungs. 

pnlmonary edema The accumulation of 
fluid in the lungs. 

pnlmonary emholism A blood elot or a 
foreign body that bloeks an artery in the 
lung. 

pnlmonary trnnk Large artery that earries 
blood from the right ventriele and divides to 
form the pnlmonary arteries. 
pnlmonary valve The valve preventing a 
backflow of blood from the pnlmonary tmnk 
into the right ventriele. 
pnlmonary ventilation The movement of 
air into and out of the lungs; breathing. 
pnlse The expansion of an artery resnlting 
from a surge of blood generated by 
ventrienlar eontraetion. 
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pupìl The opening in the iris that allows 
light to pass throngh the lens to the retina. 
pus A thiek fluid eomposed of WBCs and 
baeteria. 

pyelonephritis Inflammation of the kidney 
involving the renal pelvis. 
pyruvic aeid An organie molecule formed 
by the breakdown of glneose in anaerobie 
respiration. 

R 

reeeptor A structure that senses a stimulus. 
rectum The terminal segment of the large 
intestine. 

red blood eell A hemoglobin-eontaining 
blood eell that transports respiratory gases; 
erythroeyte. 

red bone marrow A tissue in the spaees of 
spongy bone where the formed elements of 
blood are prodneed. 

referred pain Pain that seems to originate 
from a site that is different from the site 
being stimnlated. 

reflex An involnntary, rapid, and predietable 
response to a stimulus. 
reflex are The neural pathway of a reflex; 
usually involves sensory neuron, internenron, 
and motor neuron. 

refraetion The bending of light rays. 
relaxin Hormone seereted by the corpus 
luteum and plaeenta that aids in the 
development of plaeental blood vessels 
and other eardiovasenlar ehanges in the 
mother. 

renal Pertaining to a kidney. 
renal ealenli Kidney stones. 
renal eorpnsele The portion of a nephron 
eomposed of a glomerulus and its enveloping 
glomernlar eapsnle. 

renal cortex The snperfieial layer of a 
kidney. 

renal failnre Rednetion or eessation of urine 
formation by the kidneys. 
renal mednlla The deep layer of a kidney. 
renal pelvis A eavity within a kidney that is 
continuous with a ureter. 
renal tubule The tubular portion of a nephron. 
renin The enzyme released by the 
juxtaglomerular complex that eonverts a 
plasma protein into angiotensin 1. 
renin-angiotensin meebanism A ehemieal 
eontrol meehanism that regnlates the blood 
pressnre. 

rennin A gastrie enzyme that enrdles milk 
proteins in infants. 

respiratory membrane Membrane formed 
of alveolar and eapillary eells throngh which 
gas exchange occurs between air in alveoli 
and blood in eapillaries. 
respiratory rbytbmieity eenter The area 
in the mednlla oblongata that triggers eaeh 
eyele of inhale and exhale. 


resting membrane potential Membrane 
potential in eells with irritability that are 
inaetive. 

retienlar fibers Fibers eomposed of eollagen 
protein that form snpporting frameworks for 
other tissnes and organs. 
retienlar formation A neural network in 
the dieneephalon, brainstem, and spinal 
eord that is eonneeted to higher brain 
eenters and aronses the eerebrnm to 
wakefulness. 

retienlar tissue A loose eonneetive tissue 
eontaining retienlar eells and retienlar fibers. 
retina The internal layer of the eyeball that 
eontains the photoreeeptors. 
retinoblastoma A eaneer of immatnre 
retinal eells. 

retraetion The movement of a body part 
posteriorly. 

rbinitis Inflammation of the nasal eavity. 

ribonneleie aeid (RNA) A single-stranded 
nneleie aeid whose nneleotides eontain 
ribose sugar. 

ribosomal RNA (rRNA) The RNA eomposing 
ribosomes. 

ribosome A tiny eellnlar organelle eomposed 
of protein and rRNA and serving as the site 
of protein synthesis. 

riekets A disorder caused by a defieieney of 
vitamin D resnlting in weakened bones due 
to insufficient deposition of ealeinm salts. 
rod A photoreeeptor assoeiated with blaek 
and white vision. 

rotation The tnrning of a body part on its 
longitndinal axis. 

round window A membrane-eovered 
opening in the vestibnle of the internal ear. 

s 

saeenle Enlargement within the vestibnle of 
the internal ear eontaining sensory reeeptors 
for statie and dynamie equilibrium. 
saeral Pertaining to the saernm. 
sagittal plane A plane dividing the body or 
an organ into left and right portions. 
saliva The seeretion of salivary glands. 
salivary glands Glands seereting saliva into 
the mouth. 

sareolemma The plasma membrane of a 
muscle eell. 

sareomere The eontraetional unit of a 
myofibril. 

sareoplasm The eytoplasm of a muscle eell. 
sareoplasmie reticulum The smooth 
endoplasmie reticulum of a muscle eell. 
saturated fats Fat molecules whose fatty 
aeids do not have double earbon-earbon 
bonds. 

Scbwann eell A type of nenroglia that 
forms the myelin sheath and nenrilemma 
around an axon in the peripheral nervons 
system. 


seiatiea Nenralgia of a seiatie nerve. 
selera The fibrons external layer of the 
eyeball; the white of the eye. 
serotnm The external pouch eontaining the 
testes in males. 

sebaeeons gland An epithelial gland in 
the dermis that seeretes sebum into a hair 
folliele. 

sebum The oily seeretion of a sebaeeons 
gland. 

seeondary lympboid organ An organ where 
immnnoeompetent lymphoeytes reside. 
seeond messenger An intraeellnlar messenger 
aetivated by a nonsteroid hormone. 
seeretin A hormone seereted by the intesti- 
nal mucosa that stimulates the panereas to 
seerete panereatie juice. 
segmentation Loealized eontraetions used to 
mix ehyme with digestive seeretions. 
seleetively permeable membrane 
A membrane that allows some snbstanees to 
pass throngh it while keeping out others. 
semen Fluid eomposed of sperm and 
seeretions of male aeeessory glands. 
semieirenlar eanal A loop of the 
membranons labyrinth within the inter- 
nal ear that eontains sensory reeeptors for 
dynamie equilibrium. 
semilnnar valve A valve loeated at the 
base of the aorta or pulmonary trunk. 
seminal vesieles Male aeeessory glands 
whose seeretions eontribnte to semen. 
seminiferons tubule A tubule within 
which sperm are formed in a testis. 
sensation Awareness as a result of the brain 
interpreting sensory nerve impnlses. 
sensory adaptation A deerease in nerve 
impnlse formation due to repetitive 
stimulation of a sensory reeeptor. 
sensory area A region of the eerebrnm 
that interprets sensory nerve impnlses as 
sensations. 

sensory division Portion of the nervons 
system earrying nerve impnlses from sensory 
reeeptors to the eentral nervons system. 
sensory nerve A nerve eomposed of axons 
of sensory nenrons. 

sensory neuron A neuron that earries sensory 
nerve impnlses from a sensory reeeptor to the 
eentral nervons system. 

septum A partition such as the interventricular 
sepmm. 

serotonin A substance released by platelets 
that eonstriets blood vessels. 
serous fluid Fluid seereted by serous 
membranes. 

serous membrane Epithelial membrane 
that lines the external snrfaees of organs and 
the body wall in the ventral eavity (e.g., the 
peritonenm); serosa. 

sesamoid bone A small bone embedded in 
a tendon. 

severe eombined immnnodefieieney 
(SeiD) A group of disorders that result from 
a defieit or absenee of both B and T eells. 
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sex hormones Estrogens, progesterone, and 
testosterone. 

sexually transmitted dìseases Varions 
infeetions eansed by baeteria or virnses 
transmitted via sexual intercourse. 
shingles Inflammation of a peripheral nerve 
due to reaetivation of the ehieken pox 
virus. 

simple diffnsion Movement of smalf lipid- 
solnble moleenles aeross a plasma membrane 
down their eoneentration gradient, without 
the use of energy and membrane proteins. 
simple epithelmm Epithelinm eomposed of 
a single layer of eells. 

simple goiter Enlargement of the thyroid 
gland caused by a defieieney of iodine in 
the diet. 

sinoatrial node (SA node) Speeialized 
muscle tissue in the right atrium that 
initiates heart eontraetions; the paeemaker 
of the heart. 

sinus An air-filled eavity in a bone. 
sinusitis Inflammation of the mneosae of a 
sinus. 

skeletal muscle tissue The type of muscle 
tissue that is attaehed to bones and skin. 
skull Bones of the eraninm and faee. 
smooth muscle tissue The type of muscle 
tissue in the walls of hollow organs except 
the heart. 

solute A snbstanee dissolved in a solvent. 
solution A fluid eomposed of solutes 
dissolved in a solvent. 
solvent A fluid that ean dissolve solntes. 

somatie nervous system (SNS) The portion 
of the nervons system involved in eonseions 
aetivities. 

spasm A sudden, involnntary eontraetion of 
a muscle. 

sperm A male reproductive eell; a male 
gamete. 

spermatogenesis The proeess of sperm 
production. 

spermatogonium A stem eell in a testis that 
divides to form primary spermatoeytes. 
sphineter A ring of smooth or skeletal muscle 
tissue that eontraets to elose an opening and 
relaxes to ereate an opening. 
spinal Pertaining to the spinal eord. 
spinal eord The portion of the eentral 
nervons system that oeenpies the vertebral 
eanal. 

spinal nerve A nerve that branehes from the 
spinal eord. 

spinal plexus A network of nerves in which 
axons of the anterior rami of the spinal 
nerves are sorted and reeombined before 
eontinning on. 

spindle A spool-shaped arrangement of 
spindle fibers formed during prophase of eell 
division. 

spiral organ The sense organ in the eoehlea 
of the internal ear that eontains sensory 
reeeptors for hearing. 


spleen A large lymphoid organ loeated in the 
upper left quadrant of the abdominopelvie 
eavity. 

spongy hone Bone tissue eomposed of 
intereonneeted bony plates surrounded by 
red or yellow bone marrow; trabeenlar bone. 
sprain An injury caused by the tearing of a 
ligament. 

stareh A eommon polysaeeharide in foods 
derived from plants. 

statie equilibrium Maintenanee of balanee 
when the head is motionless. 
steroid A group of lipids that includes sex 
hormones and eholesterol. 
stimulus A ehange in the environment. 
stomaeh The expanded portion of the 
alimentary eanal that reeeives food from 
the esophagns. 

strabismus The inability to focus both eyes 
simultaneously on the same objeet. 
strain An injury caused by overuse or 
overstretehing of a muscle. 

stratified Layered. 

stratified epithelium Epithelium eomposed 
of more than one layer of eells. 
stratum hasale The deepest layer of the 
epidermis whose eells are involved in eell 
division. 

stratum corneum The most snperfieial 
layer of the epidermis eomposed of dead 
keratinized eells. 

stroke volume The volume of blood 
pumped from eaeh ventriele per heartbeat. 
subarachnoid spaee The spaee deep to 
the araehnoid mater that is filled with 
eerebrospinal fluid. 

subcutaneous tissue A tissue eomposed 
of areolar eonneetive tissue and adipose 
tissue and loeated just deep to the skin; 
hypodermis. 

submucosa Gonneetive tissue deep to a 
mucous membrane. 

substrate A snbstanee aeted upon by an 
enzyme. 

sucrase The brush border enzyme that 
eatalyzes the digestion of snerose into 
glneose and frnetose. 
sudden infant death syndrome 
(SIDS) The sudden death of an infant with 
no medieal history or explanation upon 
antopsy; erib death. 

snperfieial Near the snrfaee of the body or 
organ. 

snperior Toward the head. 
snperior vena eava Large vein that remrns 
blood to the right atrium from regions 
snperior to the heart. 

snpination Tnrning the forearm so the palm 
faees snperiorly. 

snrfaetant A ehemieal in alveoli that rednees 
snrfaee tension and prevents alveolar 
eollapse. 

suture An immovable joint joining skull 
bones. 


sympathetie division The portion of the 
antonomie nervons system arising from the 
thoraeie and lumbar regions of the spinal 
eord. 

symphysis A slightly movable joint formed 
by bones joined by fibroeartilage. 
synapse The jnnetion between an axon and 
another neuron or effeetor eell. 
synaptie eleft The spaee between a terminal 
bouton and the postsynaptie eell within a 
synapse. 

synaptie transmission The passage of an 
impnlse from one neuron to another eell 
aeross a synapse. 

synarthrosis An immovable joint. 
synergist A muscle whose eontraetion helps 
the prime mover perform its aetion. 
synovial fluid Fluid seereted by synovial 
membranes within a synovial joint. 
synovial joint A freely movable joint 
eontaining a synovial eavity filled with 
synovial fluid. 

synovial membrane The internal layer of 
the joint eapsnle in a synovial joint. 
synthesis (anabolie) reaetion The 
eombining of smaller moleenles to form 
more complex moleenles. 
syphilis A sexually transmitted disease 
caused by the bacterium Treponema pallidnm. 
systemie eirenit The blood pathway that 
transports blood to and from all parts of the 
body except the lungs. 
systemie gas exchange The exchange of 
oxygen and earbon dioxide between the 
blood in systemie eapillaries and tissue 
eells. 

systole The eontraetion phase of the eardiae 
eyele. 

systolie blood pressnre Arterial blood 
pressnre during ventrienlar systole. 

T 

T lymphoeyte A type of lymphoeyte 
involved in eell-mediated immnnity; a T 
eell. 

taetile eorpnsele A sensory reeeptor for 
light touch loeated in the skin. 
target eell A speeifie eell on which a 
hormone aets. 

tarsal bones The bones of the ankle. 
taste bud An organ on the tongue eontaining 
reeeptors for taste. 

telophase The final phase of eell division 
in which danghter nuclei and eells are 
formed. 

tendon A band or eord of dense regnlar 
eonneetive tissue that attaehes a muscle 
to a bone. 

terminal bontons Enlargements at the tips 
of an axon’s terminal arborization. 
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testis The male gonad that prodnees sperm 
and testosterone. 

testosterone A male sex hormone. 

tetanie eontraetion A snstained mnsele 
eontraetion. 

tetanns A potentially fatal disorder eansed by 
a baeterial toxin; lockjaw. 
tetany A eontinnons, maximal mnsele 
eontraetion. 

thalamns The part of the dieneephalon 
loeated snperior to the midbrain and forming 
the lateral walls of the third ventriele. 
thermoreeeptor A sensory reeeptor 
stimnlated by temperatnre ehanges. 
thiek myofilament A thiek protein filament 
eomposed of myosin that interaets with 
aetin to prodnee eontraetion of a myofibril. 
thin myofilament A thin protein filament 
eomposed of aetin that interaets with 
myosin to prodnee eontraetion of a 
myofilament. 

thoraeie Pertaining to the trnnk. 
thoraeie eavity The portion of the ventral 
eavity loeated snperior to the diaphragm. 

threshold stimnlns The minimal 
stimnlns that prodnees formation of a 
nerve impnlse. 

thromhin The enzyme that eonverts 
fibrinogen into fibrin. 
thromboeytopenia A disorder in which 
there is an abnormally low nnmber of 
platelets. 

thrombosis A eondition in which a 
thrombns bloeks a blood vessel. 
thrombns A stationary blood elot or foreign 
body in a blood vessel. 

thymine A nitrogen base fonnd only in DNA 
that pairs with adenine. 
thymosins The hormones seereted by the 
thymns. 

thymns An endoerine gland loeated in the 
mediastinnm snperior to the heart. 
thyroid gland A bilobed endoerine gland 
loeated just inferior to the larynx and 
anterior to the traehea. 
thyroid hormones Hormones seereted by 
the thyroid that inerease the rate of cellular 
metabolism. 

thyroid-stimnlating hormone (TSH) 

The hormone seereted from the anterior 
lobe of the pitnitary gland that stimnlates 
the seeretion of thyroid hormones. 
thyroxine (T4) The primary thyroid 
hormone. 

tissne A group of similar eells performing a 
similar fnnetion. 

tonsillitis Inflammation of the tonsils. 
tonsils Masses of lymphoid tissue loeated 
around the opening to the pharynx. 
toxic shoek syndrome A female disorder 
caused by toxins released by baeteria 
growing in a tampon. 

traehea The tube earrying air between the 
larynx and the bronehi. 


transeription The rewriting of the DNA 
eode into the eodon sequence of messenger 
RNA. 

transfer RNA (tRNA) A type of RNA that 
earries amino aeids to a ribosome during 
protein synthesis. 

translation The proeess in which the eodons 
of mRNA plaee amino aeids of a forming 
protein in a speeifie sequence. 
transverse plane A plane that divides the 
body or organ into snperior and inferior 
portions. 

transverse (T) tnbnles Invaginations of the 
sareolemma into a muscle eell. 
tremor lnvoluntary, repetitive weak 
eontraetions. 

trienspid valve The valve between the right 
atrium and the right ventriele; the right 
atrioventrienlar valve. 

triglyeeride A lipid moleenle eomposed of 
three fatty aeids attaehed to glyeerol; a fat 
moleenle. 

triiodothyronine (T3) The seeondary 
thyroid hormone. 

troehanter A large, broad proeess of a bone. 
trypsin A panereatie enzyme that eatalyzes 
the digestion of proteins. 
tnbal ligation A sterilization proeednre 
in which the nterine tubes are cut and 
bloeked. 

tnberele A smalf ronnded proeess of a bone. 
tnberenlosis Inflammation of the lungs 
caused by the bacterium Mycobacterium 
mberenlosis. 

tnberosity A large, roughened proeess. 
tnbnlar flnid Fluid within the renal tubule 
of the nephron. 

tnbnlar reabsorption The movement of 
snbstanees from the tubular fluid into the 
blood. 

tnbnlar seeretion The movement of 
snbstanees from the blood into the tubular 
fluid. 

tympanie membrane The thin 
membrane between the external ear and 
middle ear. 

u 

nmbilieal eord The eonneeting link 
between the plaeenta and the developing 
embryo or fetus. 

nmbilieal region The eentral portion of 
the abdominopelvie eavity surrounding the 
umbilicus. 

nnipolar nenron A neuron with a single 
proeess that divides into two branehes 
extending in opposite direetions. 
nnsatnrated fats Fat moleenle whose fatty 
aeids have one or more double earbon- 
earbon bonds. 

nraeil A nitrogen base found only in RNA 
that pairs with adenine. 


urea The nitrogenons waste formed by the 
liver as a result of protein metabolism. 
nreter A narrow tube that earries urine from 
a kidney to the nrinary bladder. 
nrethra A tube earrying urine from 
the nrinary bladder to the external 
environment. 

nrethritis Inflammation of the nrethra. 
uric aeid A nitrogenons waste prodneed 
from nneleie aeid metabolism. 
urinary bladder The hollow, muscular- 
walled organ that temporarily stores 
urine. 

urine Waste and excessive snbstanees 
removed from the blood by the kidneys and 
excreted from the body. 
nterine Pertaining to the uterus. 
nterine tube A mbe extending from the 
uterus to an ovary; it earries seeondary 
ooeytes and preembryos toward the 
uterus. 

uterus The female organ that eontains the 
embryo and fetus until birth; the womb. 
utricle Enlargement within the vestibnle of 
the internal ear eontaining sensory reeeptors 
for statie and dynamie equilibrium. 
uvula The eone-shaped stmemre extending 
inferiorly from the posterior margin of the 
soft palate. 

V 

vagina A tubular organ that extends from the 
vestibnle of the vulva to the uterus. 
valenee shell An atom’s ontermost shell of 
eleetrons. 

varieose veins Dilated, swollen veins whose 
valves are nonfnnetional. 
vas deferens A slender mbe leading from 
an epididymis to the ejaenlatory duct in 
males. 

vasenlar Pertaining to blood vessels. 
vaseetomy A sterilization proeednre in 
which the vasa deferentia are cut and 
bloeked. 

vasoeonstrietion The narrowing of the 
lumen of a blood vessel. 
vasodilation Expansion of the lumen of a 
blood vessel. 

vasomotor eenter The portion of the 
mednlla oblongata that eontrols the diameter 
of blood vessels. 

vein A blood vessel that earries blood toward 
the heart. 

ventral eavity The body eavity eomposed of 
thoraeie and abdominopelvie eavities. 
ventriele A eavity, such as a pumping 
ehamber of the heart or a fluid-filled spaee 
in the brain. 

ventrienlar fibers Speeialized eardiae 
muscle tissue that transmits the eleetrieal 
impnlses from the bundle branehes to the 
myoeardinm. 
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venule A small blood vessel that earries 
blood from a eapillary to a vein. 

vertebral eanal The portion of the dorsal 

eavity that eontains the spinal eord. 

vesiele A flnid-filled, membranons sae in the 
eytoplasm of a eell. 

vestibnle The spaee between the labia 
minora. 

viseeral Pertaining to organs in the ventral 
eavity. 

viseeral peritonenm The portion of the 
peritonenm that eovers the snrfaees of 
organs in the abdominal eavity. 

viseeral plenra The portion of a plenral 
membrane that eovers the external snrfaee 
of a lung. 

viseosity The resistanee of a fluid to flow. 

vitamin An organie nntrient other than 
a protein, lipid, or earbohydrate that is 
needed in small amonnts from food for 
normal fnnetioning of the body. 


vitreons body The gel-like snbstanee filling 
the vitreons ehamber of the eye. 

voeal folds Folds of tissue within the larynx 
that vibrate to prodnee sounds as air passes 
over them. 

volnntary Consciously eontrolled. 

vulva The female external genitalia. 

w 

water balanee The state of equilibrium 
between water intake and water output. 

white blood eells Blood eells that have 
defensive and immune fnnetions; lenkoeytes. 

X 

X-linked traits Traits determined by genes 
on the X ehromosome. 


Y 

yellow bone marrow Adipose tissue in 
the mednllary eavity of a long bone and 
the spaees of spongy bone of some bones. 

yolk sae An extraembryonic membrane that 
forms the early formed elements and germ 
eells for the embryo. 

z 

zygote Cell formed by the union of the 
sperm nucleus and ovum nucleus that leads 
to the development of a human being. 
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A 

A band (sareomere), 138 
ABCD rule, 97 
abdomen, 538 
abdominal, 7-8 

abdominal aorta, 22, 23, 276, 277, 280 
abdominal eavity, 9, 10, 538 
abdominopelvie, 7 
abdominopelvie eavity, 9, 10, 538 
abdominopelvie quadrants, 13, 538 
abdominopelvie regions, 13, 538 
abdominopelvie wall, mnseles, 148, 150 
abdneens nerve (CN VI), 182, 183 
abdnetion, 129, 130, 538 
ABO blood group, 252, 416 
abortion, 395, 538 
absorption, 327, 538 
gastrie, 335-336 
in small intestine, 341-343 
aeeessory ducts, of male reproductive 
system, 376, 379 

aeeessory glands, of male reprodnetive 
system, 379, 380 
aeeessory nerve (CN XI), 182, 183 
aeeessory organs, 538 
digestive, 327, 336 
aeeommodation, 210, 538 
acetabulum, 122 
aeetaminophen, 222 
aeetyleholine, 140, 158, 171, 188, 189, 
270, 538 

aeetyleholinesterase, 141, 538 
Aehilles tendon, 155 
aeidosis, 35, 236, 369, 538 
aeids, 34-35, 370, 538 
aeid-base balanee, 369-371 
aene, 100, 538 

acquired immunodeficiency syndrome 
(AIDS), 304, 397, 538 
aeromegaly, 226, 538 
aeromion, 120, 121 
aerosome, 376, 401 
aetin, 138 

aetion potential, 169 
aetive immnnity, 303-304, 538 
aetive reabsorption, 369 
aetive site, 43, 538 

aetive transport, 50, 57, 59-61, 363, 538 
adaptation, sensory, 196-198 
Addison disease, 232, 538 
addnetion, 129, 130, 538 
addnetor longns, 21-23, 148, 154-156 
addnetor magnns, 21, 23, 148, 154-156 
adenine, 44, 62, 415, 538 
adenoid, 295 

adenosine diphosphate (ADP), 44, 46, 538 
adenosine triphosphate (ATP), 35, 44, 
46, 55, 346, 538 
in eellnlar respiration, 60-61 
in muscle eontraetion, 142 144 
adenylate eyelase, 222 
adhesions, 84 
adipoeytes, 75 

adipose tissne, 70, 75-76, 93, 346, 538 


adrenal cortex, 230-232, 538 
adrenal glands, 22, 222, 230-233, 538 
adrenal mednlla, 230, 232, 538 
adrenergie axons, 188 
adrenoeortieotropie hormone (ACTH), 
225, 227, 233, 538 
adult stem eells, 70, 538 
aerobie respiration, 61, 143-144, 

346, 538 

afferent glomernlar arteriole, 359-362 
age-related maenlar degeneration, 

215, 538 
agensia, 214, 538 
agglntination, 241, 251, 538 
agonists, 136, 147, 538 
agrannloeytes, 245, 538 
albnmin, 248, 538 
aldosterone, 231, 362, 364, 369, 

371, 538 

alimentary eanal, 327-329, 538 
alkaline, 35, 538 
alkalosis, 35, 369, 538 
allantois, 405, 538 
alleles, 401, 415, 538 
dominant, 415 
mnltiple, 416 
reeessive, 415 
allergens, 291, 305, 538 
allergie reaetions, 305 
allergy(ies), 305, 538 
all-or-none response, 145, 168, 538 
alopeeia, 100, 538 
alveolar areh, 113 115 
alveolar ducts, 312, 314, 538 
alveolar gas exchange, 309, 320, 538 
alveolar glands, 393 
alveolar proeess, 114 
alveolns (pl., alveoli), 331, 538 
ofbone, 114 

respiratory, 309, 312-314, 320 
Alzheimer disease, 189, 190, 538 
amenorrhea, 396, 538 
amine group, 41 

amino aeids, 41-42, 62, 63, 249, 341, 
342, 348, 538 
amnioeentesis, 419 
amnion, 404, 538 
amniotie eavity, 404 
amniotie fluid, 404 
amphiarthrosis, 104, 127, 538 
ampulla (pl., ampullae), 202, 206, 

207, 538 

ampullary cupula, 206, 207 
amylase, 538 

panereatie, 337, 343 
salivary, 332, 333, 343 
anabolie steroids, 140 
anabolism, 13 

anaerobie respiration, 61, 144, 327, 
346, 538 
anal eanal, 344 
anal eolnmns, 345 
anaphase, 64-65, 538 
anaphylaxis, 305 
anatomieal position, 6 


anatomy, 2, 538 
androgens, 375, 382, 538 
adrenal, 232 
anemia, 255, 538 
hemorrhagie, 255 
nntritional, 255 
anestheties, 172 
anenrysm, 286, 539 
angina peetoris, 267 
angioplasty, 279 
angiotensin-eonverting enzyme 
(ACE), 362 
anions, 29 

anorexia nervosa, 351 

anosmia, 214, 539 

antagonists, 136, 147, 539 

antebraehial, 7-8, 539 

anteenbital, 7-8, 539 

anterior, 7, 539 

anterior ehamber (eye), 210 

anterior median fissnre, 179 

anterior ramus, 181 

anterior root, 539 

anterior saeral foramina, 119 

anterior snperior iliae spine, 19, 23, 123 

anterior tibial artery, 278-280, 282, 283 

anterior tibial vein, 282-284 

antibioties, 297 

antibody(ies), 42, 246, 248, 291, 301, 539 
antibody-mediated immnnity, 299, 
301-302, 539 
antieoagnlants, 250 
antieodons, 62, 539 
antidinretie hormone (ADH), 226, 227, 
362, 365, 539 

antigen-antibody complex(es), 301 
antigen-presenting eells (APC), 299, 539 
antigens, 246, 291, 299, 539 
antigen A, 251-252 
antigen B, 252 
blood typing, 251-255 
antiplatelet effeets, of aspirin, 251 
antisernm, 303 
anulus fibrosns, 131 
anuria, 371 

anus, 328, 345, 388, 539 
aorta, 262, 263, 276, 539 
branehes, 276-278 
aortie areh, 276, 280 
aortie body(ies), 319 
aortie valve, 262-265, 539 
aplastie anemia, 255 
apnea, 320 

apoerine sweat glands, 89, 95, 96, 539 
aponenrosis, 136, 137, 539 
appendieitis, 350, 539 
appendienlar, 2, 539 
appendienlar portion, 6 
appendienlar skeleton, 109, 110, 
120-125, 539 

appendix, 21, 296, 342, 344, 539 
aqueous humor, 210, 539 
aqueous solutions, 33, 35 
araehnoid mater, 172-173, 179, 539 
areh of aorta, 21 


areola, 19, 392-393 

areolar eonneetive tissne, 75, 76, 539 

arm movement, mnseles, 152-153 

arreetor pili, 90, 94 

arrhythmias, 286, 539 

arterioles, 271, 539 

antonomie innervation, 189 
arterioselerosis, 286, 539 
artery(ies), 259, 271, 539 
of head and neek, 278-279 
of pelvis and lower limbs, 279 
of shonlders and upper limbs, 279 
structure, 270-272 
systemie, 276-278 
arthritis, 129, 131 132, 539 
articular capsule, 127 
articular eartilage, 105, 106, 127, 539 
articular faeets, 117 
articulating faeets, 118 
artienlations, 104, 125-127 
artifieially acquired aetive 
immunity, 303 
artifieially acquired passive 
immunity, 303 
aseending aorta, 276 
aseending lumbar vein, 282 
aseending (sensory) traets, 180 
aspirin, 222, 251 
assoeiation areas, 175, 539 
asthma, 323, 539 
astigmatism, 214, 539 
astroeytes, 166, 539 
atheroselerosis, 267, 286, 539 
athlete’s foot, 100, 539 
atlas, 117, 118 

atmospherie pressnre, 315, 316, 539 
atomie number, 27, 539 
atoms, 3, 25-27, 539 
atrial natriuretic peptide, 362, 

369, 539 

atrioventricular bundle (AV bundle), 
267, 539 

atrioventrienlar node (AV node), 

267, 539 

atrioventrienlar valve (AV valve), 
261-263 

atrium (pl., atria), eardiae, 261, 539 
atrophy, 144 
auditory, 539 

auditory ossieles, 115, 202, 204, 539 
auditory mbe, 202, 204, 311, 331, 539 
auricle 

eardiae, 263 
of ear, 201, 204 
auricular surface, 122 
autoimmune disease, 305, 539 
antonomie ganglion, 186, 539 
antonomie nervons system (ANS), 163, 
180, 185-189, 539 
and heart fnnetion, 269-270 
antonomie reflex(es), 183 
autoregulation, 276 
antosomes, 414 
axial, 2, 539 
axial portion, 6 
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axial skeleton, 109-120, 539 
axillary, 7-8 
axillary artery, 21, 279 
axillary nerve, 182, 184 
axillary vein, 21, 282 
axis, 117, 118 

axons, 84, 138, 140, 173, 539 
eollaterals, 164 
myelinated, 165 
terminals, 165 
nnmyelinated, 165 
azygos vein, 281, 282 

B 

B lymphoeytes (B eells), 244, 246, 292, 
300, 539 

differentiation, 299, 300 
baeteria, 297 

ball-and-soeket joints, 127, 128 
baroreeeptors, 196 
barrier eontraeeptives, 394-395 
basal metabolie rate (BMR), 228 
basement membrane, 71, 94, 539 
base pairing, 62, 64, 415 
bases, 34-35, 370, 539 
nitrogenons, 44, 62, 415 
basilar membrane, 203, 539 
basilie vein, 282 
basophils, 244, 246, 247, 539 
bed bugs, 100, 539 
bedsores, 100, 539 

benign prostatie hyperplasia, 396, 539 

benign mmor, 64, 539 

benzedrine, 172 

biearbonate buffer system, 371 

biearbonate ions, 321, 365 

bieeps braehii, 19, 147, 153, 154 

bieeps femoris, 148, 154, 157, 158 

bile, 338, 340, 539 

bile duct, 340, 539 

bilirubin, 243, 340, 539 

bipolar nenron, 165, 539 

birth, 409-410 

birth eontrol. see eontraeeption 
birth eontrol pateh, 394 
birth defeets, 414, 539 
blastoeyst, 402, 539 
blindness, 214, 539 
blind spot, 210 
blisters, 100, 539 
blood, 80, 539 

eharaeteristies, 241 
disorders, 255-256 
distribntion, antonomie 
regnlation, 189 
fnnetions, 241 
pH balanee in, 369-371 
types, 251-255 
blood-brain barrier, 167 
blood flow, 273-274 
blood pressnre, 274-276, 279 
blood smear, 242 
blood urea nitrogen (BUN), 366 
blood vessels, 270-273 
disorders, 286-287 
blood volnme, 275 
body 

eavity(ies), 9 12 
regions, 2, 6-9 
body mass index (BMI), 351 
body membranes, 84-86 
body (of vertebra), 116 
body temperamre 

and breathing rate, 320 
regnlation, 13, 89, 97-99 
boils, 100, 539 


bones, 80-82, 539 
disorders, 128 129 
formation, 106-109 
homeostasis, 109 
stmemre, 104 106 
snrfaee feamres, 111 
bony labyrinth, 202 
bomlism, 158, 539 
braehial, 7-8 
braehial artery, 21, 279 
braehialis, 148, 153, 154 
braehial plexus, 21, 182, 184 
braehial vein, 282 
braehioeephalie tmnk, 23, 276-280 
braehioeephalie veins, 21, 23, 281, 282 
braehioradialis, 148, 153, 154 
bradyeardia, 286 
brain, 164, 173-179 
fnnetions, 177 
sensory areas, 195 
brainstem, 175, 176-177, 539 
Braxton Hieks eontraetions, 409 
breast eaneer, 394, 396 
breast-feeding, 413 
breasts, 19, 392-393 
breathing, 315-316. see under 
respiratory system 
eontrol, 318-319 
faetors affeeting, 319-320 
mnseles, 147, 151, 152 
neonatal, 410 
breathing eyele, 317 
breeeh birth, 409 
bronehial tree, 309, 312, 540 
bronehiodilation, 312 
bronehioles, 312, 314, 540 
bronehitis, 323, 540 
bronehoeonstrietion, 312 
bronehns (pl., bronehi), 22, 310, 
312-314, 540 
bmsh border, 72 
bneeal region, 7, 8 
bneeinator, 149 
bnffers, 35, 370-371, 540 
bulbo-urethral glands, 376, 379, 

381, 540 

bulbs of the vestibule, 388 
bulimia, 351 
bundle braneh(es), 267 
burns, 100, 540 

e 

eaffeine, 172 

ealeaneal tendon, 148, 155, 158 
ealeanens, 124, 155, 159 
ealeitonin, 229, 369, 540 
ealeinm, 349, 365 
in bone, 109 
and heart rate, 270 
in muscle eontraetion, 141 142 
in sareoplasmie reticulum, 138 
calcium homeostasis, 231 
callus, 100, 540 
Galorie, 348 
calyx, 540 
major, 358 
minor, 358 
eanal, of bone, 111 
eanalienli, 80, 81, 106, 540 
of laerimal eanalienli, 208 
eaneer, 64, 75, 540 
breast, 394, 396 
eervieal, 396 

of female reprodnetive system, 396 
lung, 323 
prostate, 396 


skin, 99 

testienlar, 381, 396 
eanine teeth, 331 
eapillary(ies), 259, 271-272, 540 
fluid exchange aeross, 272, 273 
glomemlar, 361 
eapimlnm, 121 

earbaminohemoglobin, 321, 540 
earbohydrates, 25, 35, 36-37, 346, 540 
digestion, 341 
metabolism, 346 
earbon dioxide, 309 

in pnlmonary gas exchange, 320 
and respiratory eontrol, 319 
transport, 321-322 
earbonie aeid, 321 
earbonie anhydrase, 321, 540 
earbon monoxide (CO), 321 
earbnnele, 100 
eareinogens, 75 
eareinoma, 75, 99 
eardiae, 540 

eardiae eontrol eenter, 177, 269, 540 

eardiae eyele, 266, 540 

eardiae mnsele tissne, 82-83, 136, 540 

eardiae output, 268, 275, 540 

eardiae sphineter, 334 

eardiae veins, 263, 264 

eardiovasenlar system, 4, 259 

earotene, 93, 540 

earotid body(ies), 279, 319 

earotid sinus, 279 

earpal, 7-8 

earpal bones, 110, 121 122, 540 
earrier-mediated aetive transport, 59, 

61, 540 

earrier-mediated diffiision, 58 
earrier protein, 58, 540 
eartilage, 70, 78-80, 540 
eatabolism, 13 
eatalysis, 42 
eataraet, 214, 540 
eations, 29 

cauda equina, 181, 184 
eandal, 7 

cecum, 21, 342, 344, 540 
eeliae trunk, 277, 280 
eell-mediated immnnity, 299, 540 
eells, 3, 50, 540 

eell body, 84, 164, 540 
eell eyele, 64, 540 
division, 63-66, 540 
stmemre, 50-56 
eellnlar dehydration, 369 
eellnlar respiration, 50, 60-61, 143 144, 
309, 540 

energy foods and, 346 
eellnlose, 346 
eement, 331, 332, 540 
eentral, 7 

eentral eanal, 80, 106-107, 180, 540 
eentral nervons system (CNS), 163, 540. 
See also nervons system 
nenroglia, 168 
proteetion, 172-173 
eentral sulcus, 174 
eentrioles, 50-52, 55, 66, 540 
eentromeres, 64, 376, 540 
eephalie, 7-8, 540 
eephalie vein, 282 
eerebellnm, 173, 177, 540 
eerebral aqueduct, 179 
eerebral cortex, 173, 195-197, 540 
eerebral hemispheres, 173, 175-176, 540 
eerebral palsy, 189-190, 540 
eerebrospinal fluid (CSF), 173, 178, 

179, 540 


cerebrovascular aeeident (CVA), 

190, 540 

eerebmm, 173 177, 540 
eemmen, 96, 201 
eemminons glands, 95, 96, 540 
eervieal, 7, 540 
eervieal eaneer, 396 
eervieal eap, 394, 395 
eervieal nerves, 181 
eervieal plexus, 182, 184 
eervieal region, 7, 8 
eervieal vertebrae, 116-118 
cervix, 387, 540 
eesarean seetion, 124, 409 
ehanere, 397 

ehannel-mediated difftision, 58, 61 
ehannel protein, 51, 57, 540 
eheeks, 330 

ehemieal bonds, 25, 28, 29-31, 540 
ehemieal elements 

atomie stmemre, 25-27 
ehemieal bonds, 29-31 
ehemieal formnla, 25, 28-29, 540 
ehemieal reaetions, 25, 31-33, 540 
ehemieal organization, 3 
ehemoreeeptors, 196, 318, 540 
chemotaxis, 244 
ehief eells, 335, 540 
ehlamydia, 397, 540 
ehloride, 365 
ehlorine, 349 

eholeeystokinin (CCK), 335, 337, 338, 
340, 540 

eholesterol, 41, 50, 249, 348 
eholinergie axons, 188, 540 
ehondroeytes, 78-80 
ehordae tendineae, 262, 540 
ehorion, 404-405, 540 
ehorionie villi, 404, 540 
ehorionie villi sampling, 419 
ehoroid, 209, 212, 540 
ehoroid plexus, 178, 179, 540 
ehromatids, 64, 376, 386, 540 
ehromatin grannles, 53, 64, 65, 540 
ehromosomes, 50, 53, 414, 540 
abnormalities, 418 
in oogenesis, 386 
replieation, 64 
in spermatogenesis, 375 
in zygote, 402 
ehronie bronehitis, 323 
ehronie obstmetive pnlmonary disease 
(eOPD), 322, 540 
ehylomierons, 342, 343, 540 
ehyme, 327, 335, 340, 341, 540 
eilia, 52, 55, 56, 540 
eiliary body, 209, 212, 540 
eiliary mnseles, 210 
eiliary zonule, 209 
circular muscle, 328 
circumcision, 381 
circumduction, 129, 130, 540 
eirrhosis, 351, 540 
eisterna ehyli, 292 
eitrie aeid eyele, 346 
elaviele, 19, 20, 110, 120, 152 
eleavage, 402, 541 
eleft lip, 114 
eleft palate, 114 
elitoris, 384, 388, 541 
elones, 300, 541 
elotting disorders, 256 
eoagnlation, 241, 250-251, 541 
eoeaine, 189 
eoeeygeal nerves, 181 
coccyx, 110, 119 
eoehlea, 195, 202, 204, 205, 541 
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eoehlear duct, 203, 205 
eoehlear hair eells, 203 
eoehlear nerve, 201, 203, 205 
eodominanee, 416 
eodons, 62, 541 
eoims interruptus, 395 
eold reeeptors, 196 
eolitis, 541 
eollagen, 92, 93 
eollagen fibers, 75, 541 
eollateral ganglion, 188 
eolleeting ducts, 292, 358, 541 
reabsorption from, 365, 368 
eolon, 344-345, 541 
aseending, 344 
deseending, 344 
sigmoid, 344, 345 
transverse, 344 

eolor blindness, 214, 216, 417, 541 
eolostmm, 413 
eoma, 190, 541 

eommon earotid artery(ies), 20, 23, 276 
eommon eold, 323, 541 
eommon iliae artery(ies), 278 
eommon iliae veins, 282-284 
eommon integrative area, 175 
eommon mole, 541 
eompaet bone, 80, 104, 105, 541 
eomplement, 291, 297, 541 
eomplementary base pairing, 62, 64, 
415 

eomplement fixation, 297 
eomplete blood count (CBC), 246 
eomponnds, 25, 28, 541 
eompnterized tomography (CT), 11, 28 
eoneentration gradient, 57, 541 
eonenssion, 190, 541 
eondoms, 394, 395 
eondnetion deafness, 214 
eondnetivity, 167, 541 
eondylar joints, 127, 128 
eondyle, 111, 541 
eones, 195, 210, 212, 541 
eongestive heart failnre (CHF), 286, 541 
eonjnnetiva, 207, 541 
eonjnnetivitis, 216, 541 
eonneeting stalk, 404 
eonneetive tissne, 70, 75-81, 541 
elastie, 77-79 
dense, 76-79 
loose, 75-76 

eonneetive tissne membranes, 85-86 
eonstipation, 351, 541 
continuous ambulatory peritoneal 
dialysis (CAPD), 370 
eontraeeption, 393-396, 541. see also 
speeifie methods of 
eontraetion (mnsele), 81, 136, 541 
energy for, 143-144 
meehanism, 141 143 
physiology, 141 146 
single-fiber, 145 
whole-muscle, 145 
eontraetion phase, 145 
eoraeobraehialis, 20, 21 
eoraeoid proeess, 120, 121 
eornea, 207-212, 541 
eorns, 100, 541 
eoronal plane, 8 
eoronal suture, 109, 112 
eoronary, 541 
eoronary angioplasty, 267 
eoronary artery(ies), 264, 276, 277, 

282, 541 

eoronary bypass snrgery, 267, 282 
eoronary sinus, 262-264, 276 
eoronoid fossa, 121 


eoronoid proeess 

mandibnlar, 112113, 115 
ulnar, 121 

eorpora eavernosa, 376, 380-381 
eorpns eallosnm, 173, 541 
eorpns luteum, 385, 389, 392, 

407, 541 

corpus spongiosum, 376, 380-381 
cortex, 541 

eortieotropin-releasing hormone 
(CRH), 227 
eortisol, 232, 541 
eortisone, 233 
eostal, 541 

eostal eartilage, 119, 541 
eovalent bonds, 29-31, 541 
coxal, 7-8, 541 
coxal bones, 122-124 
eramps, 157, 541 
eranial, 7-8, 541 
eranial eavity, 9, 10, 541 
eranial nerves, 164, 181, 541 
eranial reflexes, 183 
eraninm, 109 110, 541 
ereatine phosphate, 136, 143, 541 
ereatinine, 248, 372, 541 
blood (serum), 366 
eremaster, 380, 381 
erest, of bone, 111 
eretinism, 228, 541 
eribriform plate, 111, 114 
erieoid eartilage, 311 
erista ampnllaris, 206, 207, 541 
eristae, 55 

erista galli, 111, 114 
Crohn disease, 351 
ernral, 7-8, 541 
eryptorehidism, 381, 396 
enbital, 541 

Cushing syndrome, 232, 541 
cutaneous, 89, 541 
cutaneous membrane, 85, 89, 541 
eyelie adenosine monophosphate 
(cAMP), 222, 541 
eyelosporine, 304 
eystie duct, 340, 541 
eystie fibrosis, 418 
eystitis, 371, 541 
eytokines, 300, 301, 305, 541 
eytokinesis, 65, 376, 541 
eytoplasm, 50, 52, 541 
eytosine, 44, 62, 415, 541 
eytoskeleton, 51, 55 
eytosol, 50, 52, 541 
cytotoxic T eells (T^), 301, 541 

D 

dandrnff, 100, 541 
dartos, 380, 381 
deafness, 214, 541 
deamination, 541 
deciduous teeth, 330, 541 
deeomposition (eatabolie) reaetion, 32 
deeomposition reaetion, 32, 43, 541 
deep, 7 

deep femoral artery, 279 
defeeation, 345, 541 
dehydration, 35-36, 369 
dehydration synthesis, 541 
deltoid, 19, 148, 150, 151, 153 
deltoid region, 7, 8 
deltoid mberosity, 120 
dendrites, 84, 164, 169, 171 173, 541 
dendritie (Langerhans) eells, 92, 541 
dens, 117, 118 

dense eonneetive tissne, 76-78, 541 


dense irregnlar eonneetive tissue, 
77-78, 541 

dense regnlar eonneetive tissue, 

76-77, 541 

dental earies, 351, 541 
dentin, 331, 332, 541 
deoxyhemoglobin, 241, 541 
deoxyribonucleic aeid (DNA), 44, 

415, 541 

in protein synthesis, 62, 63 
replieation, 64 
depolarization, 169-171, 541 
Depo-Provera, 394, 395 
depression, of joint, 129, 130 
dermal papillae, 89, 92, 541 
dermis, 76, 89-91, 93, 541 
deseending (motor) traets, 180 
detmsor, 366, 541 
diabetes insipidns, 227, 371, 541 
diabetes mellims, 541 

type 1 (insnlin-dependent), 236, 305 
type 11 (insnlin-independent), 236 
dialysis, 58 

diaphragm (eontraeeptive), 394, 395 
diaphragm (mnsele), 9, 10, 12, 20, 23, 
151 152, 159, 260, 315, 541 
diaphysis, 104, 105, 541 
diarrhea, 351, 541 
diarthrosis, 104, 127, 541 
diastole, 259, 266, 274, 541 
diastolie blood pressnre, 274, 542 
dieneephalon, 176, 542 
Dietary Referenee Intake, 327, 346 
differentiation, 542 
diffnsion, 50, 57-58, 542 
transplaeental, 405-406 
digestion, 327, 542 
ehemieal, 327 
gastrie, 335-336 
meehanieal, 327 
in mouth, 332-333 
by panereatie enzymes, 337-338 
in small intestine, 341-343 
digestive system, 5 

alimentary eanal, 327-329 
disorders, 350-351 
large intestine, 344-345 
major organs of, 328 
mouth, 330-333 
nutrients and, 345-350 
overview of, 327 
panereas, 336-338 
pharynx and esophagns, 333-334 
regnlating hormones of, 338 
small intestine, 344-345 
stomaeh, 334-336 
digital, 7-8 
dipeptide, 42, 542 
direetional terms, 2, 7 
disaeeharides, 37, 346, 542 
disloeation, 131, 542 
distal, 7, 542 

distal eonvolnted tubule, 359, 364, 365 

diuresis, 371, 542 

diuretics, 368 

diverticulitis, 350, 542 

dominant inheritanee, 415 

dopamine, 190, 542 

dorsal, 7 

dorsal eavity, 9-10, 542 

dorsalis pedis, 279 

dorsal respiratory group (DRG), 319 

dorsiflexion, 129, 130, 157 

dorsnm, 7-8, 542 

Down syndrome, 418 

dry maenlar degeneration, 215 

ductus arteriosus, 411, 542 


ductus venosus, 411, 542 

duodenum, 22, 328, 336, 340, 342, 542 

dural sinus, 179 

dura mater, 173, 179, 542 

dynamie equilibrium, 13, 195, 

205-206, 542 
dysgeusia, 214, 542 
dyslexia, 190, 542 
dysmenorrhea, 396, 542 
dysosmia, 214, 542 
dyspnea, 323 

E 

ears, 204 

anatomy, 201 203 
disorders, 214 

eating disorders, 350-351, 542 
eeerine sweat glands, 89, 90, 542 
eelampsia, 413, 542 
eetoderm, 404, 542 
eetopie pregnaney, 414, 542 
eezema, 100, 542 

edema, 58, 286, 291, 292, 298, 542 
effeetors, 2, 14, 163, 542 

antonomie innervation, 187, 189 
efferent glomernlar arterioles, 359, 542 
eieosanoids, 222, 542 
ejaenlation, 379, 381, 542 
ejaenlatory duct, 376, 379, 381, 542 
elastie eartilage, 79, 542 
elastie eonneetive tissne, 542 
elastie fibers, 75, 77, 93, 542 
eleetroeardiogram, 268, 542 
eleetroeneephalogram (EEG), 175 
eleetrolyte balanee, 369 
eleetrolytes, 34, 248, 368, 542 
eleetronegativity, 31 
eleetrons, 25, 542 
eleetron shells, 25 
eleetron transport ehain, 346 
elements, 25, 542 
elephantiasis, 305, 542 
elevation, 129, 130 
embolism, 256, 542 
embolns, 256, 542 
embryo, 402, 542 

development, 403-406 
external appearanee, 406 
embryoblast, 402 
embryonie dise, 403-404 
embryonie stem eells, 70, 542 
emphysema, 323, 542 
emnlsifieation, 340 
enamel, 331, 332, 542 
eneephalitis, 189 
endoearditis, 266 
endoeardinm, 261, 542 
endoehondral bone, 107, 108, 542 
endoehondral ossifieation, 104, 108, 542 
endoerine glands, 71, 220, 542 
endoerine system, 5, 219-237 
adrenal glands, 230-233 
ehemieal namre of hormones, 
220-224 
gonads, 236-237 
panereas, 233-236 
parathyroid glands, 230 
pineal gland, 237 
pimitary gland, 224-228 
thymns, 237 
thyroid gland, 228-229 
endoeytosis, 50, 59-61, 542 
endoderm, 404, 542 
endolymph, 202, 206, 207, 542 
endometriosis, 396, 399, 542 
endometrinm, 387, 542 
endoplasmie reticulum (ER), 52-54, 542 























Index 557 


endosteum, 105, 542 
endothelium, 71, 270, 542 
energy, dietary eontent, 348, 350 
energy foods, and eellnlar 
respiration, 346 

enzymes, 25, 42-43, 54-55, 542 
digestive, 327, 343 
intestinal, 341 
panereatie, 337-338 
in plasma, 248, 251 
eosinophils, 245-247, 542 
ependymal eells, 167, 178, 542 
epieardinm, 260, 542 
epieondyle, 111, 542 
epieranial aponenrosis, 149 
Epieranins 148, 149 
frontal belly 148, 149 
oeeipital belly 148, 149 
epidermal ridges, 92 
epidermis, 89-92, 542 
epididymis, 21, 376-377, 379-381, 542 
epidnral anesthesia, 185 
epidnral spaee, 173 
epigastrie region, 14, 542 
epiglottis, 310, 311, 331, 542 
epilepsy, 190, 542 

epinephrine, 230, 232, 233, 270, 542 
epiphysial (growth) plate, 104, 105, 
108, 542 

epiphysial line, 104, 108, 542 
epiphysis, 104, 105, 542 
epithalamns, 176, 542 
epithelial membranes, 84-85 
epithelial tissne, 70-75, 542 
Epstein-Barr virus (EBV), 255 
equilibrium, 205-207 
ereetile dyshmetion, 396, 542 
ereetion, 382, 542 
erythroblasts, 253 
erythroeytes, 242-243, 246 
destrnetion, 243 
disorders, 255-256 
life span, 243 
prodnetion, 243 
shape, 242 

erythropoietin (EPO), 242, 357, 542 
esophagns, 310, 311, 327, 328, 331, 
333-334, 542 

essential amino aeids, 348, 542 
estrogen, 236, 375, 389, 392, 543 
in pregnaney, 407, 408 
ethmoid, 111 114 
ethmoidal eells, 111 
enstaehian mbe. See anditory mbe 
eversion, 129, 130, 543 
excess post-exercise oxygen 

eonsnmption (EPOC), 144 
exchange (rearrangement) reaetion, 

32, 543 

excitation-contraction eonpling, 

141, 543 
excretion, 543 

exercise, and skeletal mnsele, 144 
exocrine glands, 71, 220, 543 
exocytosis, 50, 59-61, 543 
exophthalmic goiter, 228, 543 
expiration, 309, 315-316, 320, 543 
expiratory reserve volume (ERV), 317 
extension, 129, 130, 543 
extensor earpi radialis longns, 154, 155 
extensor earpi nlnaris, 154, 155 
extensor digitomm longns, 148, 
156-158 

extensor digitomm, 154, 155 
external, 7, 543 

external aeonstie meams, 110, 113, 
201, 204, 543 


external anal sphineter, 345 
external earotid artery, 279 
external ear, 201, 204 
external iliae artery, 279 
external iliae vein, 282-284 
external intereostal, 20, 23, 151, 152, 
315 

external jugular veins, 20, 281 
external oblique, 19-20, 148, 150, 152 
external respiration, 309, 543 
external nrethral sphineter, 367 
extracellular, 543 
extracellular fluid (ECF), 33 
extraembryonic eavity, 404-405 
extraembryonic membranes, 404-405 
extrinsic faetor, 243 
eyebrows, 207-208 
eyelashes, 207-208 
eyelids, 207-208 
eyes, 207, 208 

antonomie innervation, 187, 189 
disorders, 214, 216 
extrinsic mnseles of, 208, 543 
stmemre, 209-211 

F 

faeets, 111, 119, 543 

faeial, 7 8 

faeial artery, 279 

faeial bones, 109, 111 114 

faeial expression, mnseles, 148-150 

faeial nerve (CN VII), 182, 183, 200 

faeilitated transport, 58, 543 

fainting, 190, 543 

faleiform ligament, 339 

false labor, 409 

farsightedness, 213, 216, 543 

faseia, 137, 543 

fatigne, 144, 543 

fats, 37, 41, 543 

digestion, 337, 342 
fatty aeids, 37, 50, 337, 342, 543 
absorption, 343 
feees, 345, 543 

female reprodnetive system, 384-388 
external genitalia, 388 
hormonal eontrol of reprodnetion, 
389-392 

mammary glands, 392-393 
organs, 388 
ovaries, 384-387 
sexual response, 389 
nterine mbes, 387 
uterus, 387 
vagina, 387-388 
femoral, 7-8 
femoral artery, 20, 279 
femoral nerve, 20, 182, 184 
femoral vein, 19-20, 282-284 
femur, 23, 106, 110, 124, 125 
fertilization, 401-402, 543 
fetal aleohol syndrome, 414 
fetal eell sorting, 419 
fetal eirenlation, 411 
fems, 401, 406-407, 543 
fever, 298, 543 
fever blisters, 100, 543 
fibrillation, 286 
fibrin, 250, 543 
fibrinogen, 248, 543 
fibroblasts, 70, 75, 543 
fibroeartilage, 79 80, 543 
fibromyalgia, 158, 543 
fibrosis, 84, 157, 543 
fibrons eapsnle, 357 
fibrons membrane, 127 


fibrons perieardinm, 260 
fibnla, 110, 124, 158 
fibnlar artery, 279 
fibnlaris longns, 148, 156-158 
fibnlar vein, 282 
fight or flight, 188 
filtrate, 360, 361-362 
filtration, 50, 57, 272, 543 
fimbriae, 384, 387 
fingers 

bones, 121 

muscle movements, 154 
first messenger, 222 
fissnre, 173, 543 

flagellnm (pl., flagella), 55, 56, 376, 543 
flank region, 14 
flat bones, 104, 105 
flams, 345 

flexion, 129, 130, 543 
flexor earpi radialis, 154, 155 
flexor earpi nlnaris, 154, 155 
flexor digitomm longns, 159 
folie aeid, 243 

folliele-stimnlating hormone (FSH), 225, 
227, 236, 375, 382, 389, 391, 

392, 543 

follienlar epithelial eells, 384-385, 
389-390, 543 
fontanelles, 115, 543 
foot movement, mnseles, 155-157 
foramen magnnm, 109, 114, 179 
foramen ovale, 411, 412, 543 
foramen (pl., foramina), 106, 111, 543 
forearm movement, mnseles, 153, 154 
formed elements, 80, 241, 543 
fossa, 111, 543 
fossa ovalis, 412 
fovea eentralis, 210, 543 
fraemres, 543 

eomminnted, 128, 131 
eomplete, 128 
eomponnd, 128 
fissnred, 129, 131 
green stiek, 129, 131 
ineomplete, 129, 131 
oblique, 129, 131 
segmental, 129, 131 
simple, 128 
spiral, 129, 131 
transverse, 129, 131 
freekles, 94, 417 
free nerve endings, 196, 543 
frenulum of the tongue, 330 
frontal bones, 109, 112 
frontal eye field, 175 
frontal lobe, 174 
frontal plane, 8-9, 543 
frontal sinnses, 109, 113, 310, 331 
fmetose, 341 

funiculus (plural funiculi), 180 

G 

galaetose, 341 

gallbladder, 20, 327, 328, 340, 543 
autonomic innervation, 189 
gallstones, 351, 543 
gametes, 375, 543 
ganglion (pl., ganglia), 163, 165, 543 
gas exchange, 320 
gas transport, 309 
gastrie artery(ies), 277 
gastrie glands, 334, 543 
gastrie juice, 335, 343, 543 
immune fnnetion, 297 
gastrie lipase, 336 
gastrie pits, 334 


gastrie seeretion, eontrol, 335 
gastrie nleers, 336 
gastrie veins, 282 
gastrin, 335, 338, 543 
gastroenemins, 148, 155-158 
Gastroesophageal Reflux Disease 
(GERD), 334 

gastroesophageal reflux (GER), 334 
gene expression, 220, 415-416 
genes, 44, 401, 415, 543 
genetie eode, 44 
genetie eonnseling, 419 
genetie diseases, 418-419 
geneties, 414-417 
genital, 7-8 

genital herpes, 100, 397, 543 

genital warts, 397, 543 

genotype, 401, 415, 543 

germ layers, 401, 403-404, 543 

gigantism, 226, 543 

gingiva, 331 

glands, 95-96, 543 

glandnlar epithelinm, 71 

glans penis, 376, 380, 381 

glaneoma, 212, 214 

glenoid eavity, 120 

globin, 242 

globnlin, 248, 543 

glomemlar (Bowman) eapsnle, 358, 

361, 365, 543 

glomemlar filtrate, 360, 543 
glomemlar filtration, 356, 

360- 362, 543 

glomemlar filtration rate (GFR), 

361- 362 
glomemli, 71 

glomemlonephritis, 371, 543 
glomemlns (pl., glomemli), 356, 358, 
365, 543 

glossopharyngeal nerve (CN IX), 182, 
183, 200 

glottis, 309, 311-312, 543 
glneagon, 233, 234, 346, 543 
glneoeortieoids, 232, 233, 543 
glneose, 36, 341, 543 
blood levels, 233 
in eellnlar respiration, 346 
eellnlar respiration of, 60 
metabolism, 232 
glnteal, 7-8 

gluteus maximus, 148, 154-156 
gluteus medius, 23, 148, 154 156 
glyeerol, 37, 543 
glyeogen, 37, 346, 543 
digestion, 333, 337 
glyeolysis, 144, 347 

goblet eells, 72, 309, 312, 329, 342, 543 
goiter, 228, 543 
Golgi complex, 52, 54, 543 
gonadotropin-releasing hormone 
(GnRH), 227, 382, 389, 

391, 543 

gonadotropins, 227, 236, 543 
gonads, 236, 375, 543 
gonorrhea, 397, 543 
gout, 357 
G proteins, 222 
graeilis, 21-23, 148, 155-157 
graded responses, of mnsele, 145 
grand mal epilepsy, 190 
grannlar eells, 360 
grannloeytes, 245, 544 
grannlosa eells, 390 
Graves disease, 228, 305 
gray matter, 172 174, 177, 544 
of spinal eord, 179 
greater seiatie noteh, 122 
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greater troehanter, 124 
greater mberele, of hnmems, 120 
great saphenons vein, 19, 282-284 
groin, 544 
groove, of bone, 111 
gross anatomy, 2 
gronnd snbstanee, 75 
growth hormone (GH), 226-227, 544 
growth hormone-inhibiting hormone 
(GHIH), 226 

gnanine, 44, 62, 415, 544 
gnstatory epithelial eells, 199 
gnstatory hairs, 199 
gyri (sing., gyms), 173 

H 

hair, 90 
eells, 544 
folliele, 89, 94-95 
loss, 96, 100 
root, 94 
shaft, 94 

hamstrings, 154, 156-158 
hard palate, 114, 309, 330, 331 
Hashimoto disease, 305 
hanstra, 345 
H band, 138 
headaehe, 190 

head movement, mnseles, 149, 150 
head (ofbone), 111, 544 
hearing, 201-205 
disorders, 214 
physiology, 203-204 
heart, 12, 21 

anatomy, 259-266 
apex, 259, 263 

antonomie innervation, 187, 189 
base, 259 

blood flow throngh, 265 
blood snpply to, 265, 266 
ehambers, 261 

eondnetion system, 267-268 
disorders, 286 
fibrons skeleton, 262, 264 
fnnetion, regnlation, 269-270 
valves, 263 
wall, 261 
heartbnrn, 334 
heart disease, 40 
heart flntter, 286 
heart mnrmnr, 286, 544 
heart rate, 269-270, 544 
regnlation, 188 

heart rhythm irregnlarities, 268 
heart sonnds, 266 
heat, prodnetion by mnsele, 144 
Helieobaeter pylori, 336 
helper T eell (T^), 300, 544 
hematoerit, 242 
hematopoiesis, 243, 544 
heme, 242 

hemoeytoblasts, 243, 244, 544 
hemodialysis, 370, 371 
hemoglobin, 93, 144, 241, 321-322, 544 
hemoglobin pereentage, 242 
hemolytie anemia, 255 
hemolytie disease of the newborn 
(HDN), 253, 544 
hemophilia, 255, 419, 544 
hemorrhage, 544 
hemorrhoids, 287, 350, 544 
hemostasis, 241, 242, 249-251, 544 
heparin, 246 
hepatie, 544 
hepatie artery, 277, 339 
hepatie duct, 340 


hepatie lobules, 339-340, 544 
hepatie portal system, 284, 285 
hepatie portal vein, 282, 339, 340, 342 
hepatie sinnsoids, 340 
hepatie triads, 340 
hepatie veins, 282-284, 339 
hepatitis, 350-351, 544 
hepatopanereatie sphineter, 336, 340 
herniated dise, 131, 544 
herpes simplex virus, 100, 397 
heterozygous, 401, 415, 416, 544 
high-density lipoproteins (HDL), 348 
higher brain eenters, 320 
hilum 

of lymph node, 294 
renal, 358 
hinge joints, 127 
hip joint, 127 
histamine, 246, 298 
histology, 2 
hives, 101, 544 
Hodgkin lymphoma, 305 
homeostasis, 2, 13 16, 176, 544 
homozygons, 401, 416, 544 
hormonal eontrol, 223 
hormone replaeement therapy 
(HRT), 392 

hormones, 176, 544. see also endoerine 
system 

ehemieal namre of, 220-224 
meehanism of aetion, 222 
prodnetion, 222-224 
horns, of spinal eord gray matter, 180 
human ehorionie gonadotropin (hCG), 
407, 408, 544 

Human Genome Projeet, 415 
human immnnodefieieney vims 
(HIV), 304, 397 

human lenkoeyte antigens (HLA), 304 
human papilloma vims (HPV), 396 
hnmerns, 21, 120-121 
anatomieal neek, 122 
snrgieal neek, 120, 122 
hnmoral eontrol, 223 
Hnntington disease, 419 
hyaline eartilage, 79, 544 
hydration spheres, 34 
hydroeephalns, 181 
hydrogenation, 40 
hydrogen bonds, 31, 42, 544 
hydrogen ions, 34, 370, 544 
and respiratory eontrol, 319 
hydrolysis, 327, 544 
hydrophilie, 31 
hydrophobie, 31 
hydroxide ions, 34, 544 
hymen, 544 

hyoid bone, 110, 115,311,331 
hyperextension, 129, 130 
hyperglyeemia, 544 
hyperopia, 216 

hyperparathyroidism, 230, 544 
hyperseeretion, 220, 224, 544 
hypersensitivity, 305 
hypertension, 287, 544 
hyperthermia, 97 
hypertonie solntion, 58, 544 
hypertrophy, 144, 544 
hypoehondriae region, 14, 544 
hypodermis. See subcutaneous tissue 
hypogastrie, 544 
hypogastrie region, 14 
hypogensia, 214, 544 
hypoglossal nerve (CN XII), 182, 183 
hypoglyeemia, 236, 544 
hypoparathyroidism, 230, 544 
hypophysis, 176, 224 


hyposeeretion, 220, 224, 544 
hyposmia, 214, 544 
hypothalamns, 174, 176, 222, 224, 
233, 544 
hypothermia, 97 
hypotonie solntion, 58, 544 


I band, 138 
ileum, 23, 340, 342 
iliae erest, 23, 122 
iliacus, 154-156 
iliotibial traet, 156 
ilium, 122, 123 
immune responses, 302-304 
immnne system, disorders, 304-305 
immnnity, 291, 299-304, 544 
immnnization, 302-304 
immnnoeompetent, 291, 292, 306, 
544 

immnnodefieieney, 305 
immunoglobulins, 302, 544 
immunosuppressive therapy, 304 
impetigo, 100, 544 
implantation, 402, 544 
impotenee, 544 
impnlse, 163 

nerve impnlse eondnetion, 169 
nerve impnlse formation, 

168-169 
ineisor teeth, 331 
ineomplete dominanee, 416 
incus, 201, 202, 205 
infant respiratory distress syndrome 
(IRDS), 323, 414, 544 
infeetions mononneleosis, 255, 544 
inferior, 7 

inferior artienlar proeesses, 117 
inferior mesenterie artery, 278, 282 
inferior mesenterie vein, 282 
inferior nasal eoneha (pl., eonehae), 
111, 114 

inferior oblique (eye), 208 
inferior reems (eye), 208 
inferior vena eava, 262-264, 276, 

282, 544 
infertility, 544 
female, 396 
male, 379, 381, 396 
inflammation, 291, 298, 544 
inflammatory bowel disease (IBD), 
350, 544 

inflation reflex, 319 
inflnenza, 323, 544 
infraorbital foramen, 112 
infraspinams, 148, 151153 
infundibulum, of uterine mbe, 387 
ingninal, 7 8 
ingninal region, 14, 544 
inheritanee 
dominant, 415 
predieting, 417 
reeessive, 415 
inherited diseases, 418-419 
inhibin, 383, 390, 544 
inner eell mass, 402 
inorganie eomponnds, 25, 33-35 
inorganie ions, 36 
inorganie snbstanee, 544 
insertion, 136, 147, 544 
inspiration, 309, 315, 320, 544 
inspiratory reserve volume (IRV), 317 
insula, 174 

insulin, 235-236, 346, 544 
integrating eenter, 2, 14, 544 
integnment, 89, 544 


integnmentary system, 4, 88-101 
aeeessory stmemres, 94-97 
disorders of, 100-101 
fnnetion of skin, 89 
skin eolor, 93 94 
stmemre of skin, 89-93 
subcutaneous tissue, 93 
temperamre regulation, 97-98 
interatrial sepmm, 261, 267, 544 
interealated dise, 82, 544 
intereellnlar, 544 
intereostal artery(ies), 276, 277 
intereostal nerves, 184 
intereostal veins, 282 
interferon, 297 

interlobar artery(ies), renal, 359 
interlobar veins, renal, 359 
internal, 7, 544 
internal anal sphineter, 345 
internal earotid artery, 279 
internal ear, 202-204 
internal iliae artery, 279 
internal iliae vein, 282 
internal intereostal, 20, 23, 

150-152, 315 

internal jugular vein, 20, 281 
internal oblique, 20, 150-152 
internal respiration, 309, 544 
internal nrethral sphineter, 366 
internenrons, 165, 167, 180, 544 
in somatie reflex, 185 
interphase, 64, 544 
interstitial eells, 375, 544 
interstitial eell stimnlating hormone 
(leSH), 227 

interstitial fluid, 272, 291, 363, 365, 544 
interthalamie adhesion, 176 
intermberenlar sulcus, 120 
interventricular foramen, 179 
interventrienlar sepmm, 261, 267, 544 
intervertebral dise, 23, 116, 126, 544 
intervertebral foramina, 117, 181 
intestinal glands, 329, 340, 342, 544 
intestinal juice, 341, 545 
intestinal villns, 545 
intra-alveolar (intrapnlmonary) 
pressnre, 315 
intraeellnlar, 545 
intraeellnlar fluid (IGF), 33 
intramembranous bone, 545 
intramembranons ossifieation, 104, 

107 108, 545 

intramuscular injeetions, 155 
intraplenral pressnre, 315 
intranterine deviee (IUD), 395 
intrinsie faetor, 243, 336, 545 
defieieney, 255 
inversion, 129, 130, 545 
involnntary, 82, 83, 163, 545 
iodine defieieney, 228 
ionie bonds, 29, 545 
ionization, 29, 33, 545 
ions, 29, 545 
iris, 210, 212, 545 
iron, 243 

irregnlar bones, 104, 105 

irritability, 167, 545 

irritable bowel syndrome (IBS), 350, 545 

irritant reflexes, 319 

isehial spine, 123 

isehial mberosity, 123 

isehinm, 123 

isomers, 37 

isometrie eontraetions, 147 
isotonie eontraetions, 147 
isotonie solntion, 59, 545 
isotopes, 27, 545 






































































































Index 559 


J 

jaundice, 243, 340, 414 
jejunum, 340, 342 
jet lag, 237 
joint eapsnle, 127 
joints, 127, 545 

disorders, 129, 131 132 
freely movable, 125, 127 
immovable, 125, 126 
slightly movable, 125 
juxtaglomerular epitheloid eells, 

360, 361 

juxtaglomerular complex, 356, 
359-361, 545 

K 

Kaposi sareoma, 304 
karyotype, 414 
keratin, 73, 89, 91, 545 
keratinization, 545 
keratinoeytes, 90 
kidneys, 22, 356, 357-360 

antonomie innervation, 187, 189 
blood snpply, 359 
gross anatomy of, 357, 358 
mieroseopie anatomy of, 358-359 
kiloealorie, 348 
knee joint, 127 
kyphosis, 132 

L 

labia majora, 384, 388, 545 
labia minora, 384, 388, 545 
labor, 409, 545 

labyrinthine disease, 214, 545 
labyrinths, 202, 545 
laerimal apparams, 208, 545 
laerimal bones, 111, 114 
laerimal eanalienli, 208 
laerimal gland, 208, 545 
laerimal sae, 208 
laetase, 341-342, 545 
laetation, 413, 545 

laeteals, 291, 293, 329, 340, 342, 545 
laetie aeid, 144, 545 
laetiferons ducts, 393 
lactiferous sinuses, 393 
laetose, 37, 341 
laetose intoleranee, 342 
laenna (pl., laennae), 78, 81, 107, 545 
plaeental, 405 
lambdoid sutures, 109-115 
lamellae, 80, 81, 106, 545 
lamellated (Paeinian) eorpnseles, 93 
lanngo, 406 

large intestine, 327, 328, 344-345 

laryngitis, 323, 545 

laryngopharynx, 311 

larynx, 21, 311-312, 314, 331, 545 

latent period, 145 

latent phase, 145 

lateral, 7, 545 

lateral eondyles, 124 

lateral epieondyle, of humerus, 121 

lateral rectus (eye), 208 

lateral sulcus, 174 

latissimus dorsi, 148, 151, 153 

left atrioventricular valve, 261 

leg movement, mnseles, 154-155, 158 

lens, 209, 212, 545 

lesser troehanter, 124 

lesser mberele, of hnmems, 120 

lenkemia, 255, 545 

lenkoeytes, 244 


lenkotrienes, 222, 545 
levator palpebrae snperioris, 208 
levator seapnlae, 151, 152 
ligaments, 77, 104, 545 
ligamenmm arteriosnm, 412 
ligamenmm venosnm, 412 
limbie system, 176, 545 
linea alba, 150, 151 
lingnal, 545 
lingnal glands, 330 
lingnal lipase, 330 
lingnal papillae, 330 
lingnal tonsil, 331 
lingnal tonsils, 295, 311 
lipase, 545 

panereatie, 337, 343 
lipids, 25, 35, 37, 41, 545 
dietary, 347-348 
metabolism, 347-348 
lipoproteins, 348 
lips, 330, 331 

liver, 20, 327, 328, 338-340, 346, 545 
anatomy, 339 

antonomie innervation, 187, 189 
fnnetions, 338-339, 346 
lockjaw, 159 

long bone, stmemre, 104 106 
longimdinal eerebral fissnre, 173, 182, 
545 

longimdinal mnsele, 329 

loose eonneetive tissnes, 75, 76, 545 

lordosis, 132 

londness, of sound, 204 

low-density lipoprotein (LDL), 348 

lower esophageal sphineter, 334 

lower limbs, bones, 124 125 

lower respiratory traet, 309 

Inmbar, 7-8, 545 

Inmbar artery(ies), 278 

lumbar nerves, 181 

Inmbar plexus, 182 

lumbar puncture, 185 

lumbar vertebrae, 109, 117 

lumbosacral plexus, 182, 184 

lumen, 327, 545 

lung eaneer, 323 

lungs, 12, 20-22, 260, 309, 313-314, 545 
antonomie innervation, 187, 189 
lunula, 96 
luteal phase, 392 

luteinizing hormone (LH), 225, 227, 
236, 375, 382, 389, 391, 545 
lymph, 291-292, 545 
transport, 291-292 
lymphadenitis, 305, 545 
lymphatie eapillary(ies), 291 292, 296 
lymphatie ducts, right, 292 
lymphatie trunks, 292 
lymphatie vessels, 291-292, 296, 545 
afferent, 294 
efferent, 294 

lymph nodes, 291, 292-293, 545 
stmemre of, 292-293 
lymphoeytes, 246, 247, 293, 545 
speeialization, 299 
lymphoid nodnles, 294 
lymphoid organs, 291 
lymphoid system, 5, 290-305 
disorders, 304-305 
lymph and lymphatie vessels, 
291-292, 296, 545 
lymphoid organs, 292-295 
lymphoid tissnes, 295-296 
lymphoma, 305, 545 
lysis, 545 

lysosomes, 52, 55, 56, 545 
lysozyme, 208, 297, 332 


M 

maeromoleenles, 3 
maerophages, 243, 244, 247, 294, 

297, 545 
macula, 545 
of eye, 210 
of inner ear, 205, 206 
maenla densa, 360-362 
magnesinm, 349 

magnetie resonanee imaging (MRl), 11 
major calyx, 545 

male reprodnetive system, 375-381 
aeeessory ducts, 376, 379 
aeeessory glands, 379 
external genitalia, 381 
hormonal eontrol of reprodnetion, 
382-383 
organs, 380, 381 
semen, 379 
sexual response, 382 
testes, 375, 377 
male reprodnetive traet, 376 
malignant mmor, 64, 75, 545 
mallens, 201, 202, 205 
maltase, 341, 343, 545 
MALT (mucosa assoeiated lymphoid 
tissue), 296 

maltose, 37, 333, 337, 341 
mammary glands, 19, 392-393, 545 
mandible, 110, 115 
mandibnlar eondyle, 115 
mandibnlar fossa, 110 
manubrium, 120 
masseter, 148-150 
mass movements, 345 
mast eells, 545 
mastieation, 327, 330, 545 
mnseles, 148-149 
mastoid proeess, 111, 114 
matrix, 70, 75, 545 
matter, 25, 545 
maxilla, 114 

maxillary sinus, 112, 114 
maximal stimulus, 145, 545 
meehanieal barriers, 297 
meehanoreeeptors, 195, 196, 545 
medial, 7, 545 
medial eondyles, 124 
medial epieondyle, of humerus, 121 
medial reems (eye), 208 
median enbital vein, 282 
median nerve, 182, 184 
median (midsagittal) plane, 8-9, 545 
median saeral erests, 119 
mediastinnm, 10, 11, 545 
medieal terminology, 531-535 
prefixes, 531, 532 
root words, 531, 533-535 
single and plnral word endings, 531 
suffixes, 531, 533 
medulla, 545 

medulla oblongata, 176, 177, 182, 545 
respiratory eenter, 318, 319 
mednllary eavity, 104, 106, 545 
megakaryoeytes, 248 
meiosis/meiotie eell division, 63, 375, 
376, 386, 391, 402, 545, 546 
melanin, 89, 93-94, 99, 546 
melanoeytes, 92, 546 
melanoma, 99, 100 
melatonin, 176, 237, 546 
membrane potential, 167-168, 546 
membranons labyrinth, 202 
memory B eells, 301, 302 
memory eells, 301, 546 
memory T eells, 300 


menarehe, 389 
meningeal braneh, 181 
meninges, 10, 86, 172-173, 546 
meningitis, 190, 546 
menopanse, 375, 392, 546 
menstrnal eyele, 375, 389, 392, 546 
menstrnation, 392, 546 
mental foramen, 112 
mental illness, 190, 546 
mesentery(ies), 11, 12, 22, 340, 546 
mesoderm, 404, 546 
mesothelinm, 71 

messenger RNA (mRNA), 62, 222, 546 
metabolism, 2, 13, 546 
metaearpals, 110, 121 122, 546 
metaphase, 64-65, 546 
metastasis, 296 

metatarsals, 110, 124-125, 546 
mieelles, 342 
mieroanatomy, 2 
mierofilaments, 52, 55, 56, 546 
mieroglial eells, 167, 546 
mierombnles, 52, 55, 56, 546 
mierovilli, 52, 55, 56, 72, 329, 341, 546 
miemrition, 356, 367, 546 
miemrition reflex, 367 
midbrain, 176, 546 
middle ear, 201 202, 204 
mifepristone (RU 486), 395 
migraine headaehe, 190 
mineraloeortieoids, 231, 546 
minerals, in body, 348 
minor calyx, 546 
misearriage, 395, 407, 414, 546 
mitoehondrion (pl., mitoehondria), 51, 
54-55, 546 

mitosis/mitotie eell division, 50, 63-66, 
402, 546 

mitral valve, 261 265, 546 
mitral valve prolapse (MVP), 266 
mixed nerves, 181, 546 
M line, 13 8 
molar teeth, 330-332 
moleenlar formnla, 28 
moleenles, 3, 25, 28, 546 
monoeytes, 246, 247, 546 
monoglyeerides, 337, 342 
monosaeeharides, 36, 346, 546 
mons pubis, 19, 388 
morning after pills (MAPs), 393 
morning siekness, 414, 546 
momla, 402 
motion siekness, 214 
motor areas, 174, 546 
motor division, 163, 546 
motor end plates, 140 
motor nerves, 181, 546 
motor nenrons, 138, 166, 167, 186, 546 
in somatie reflex, 185 
motor speeeh area (Broea area), 

174, 539 

motor unit reemitment, 145 
motor units, 136, 138, 145, 546 
mouth, 327, 330-333 
mucosa 

of alimentary eanal, 328 
of nrinary bladder, 366 
mucous membranes, 70, 85, 546 
barrier fnnetion, 295-298 
mucous neek eells, gastrie, 335 
mucus, 85, 546 

barrier fìanetion, 297 
nasal, 309 
traeheal, 311 

mnltiple selerosis, 190, 305, 546 
mnltipolar nenrons, 165, 546 
mnsele fibers, 81, 136, 137, 546 
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muscle glyeogen, 143 
muscles, names, 147 
mnsele tissne, 3, 70, 81-84, 546 
mnsele tone, 136, 145, 546 
muscular dystrophy, 158, 546 
muscular layer, of alimentary eanal, 328 
muscular system, 4 

aetions of skeletal mnsele, 147 
disorders, 157 159 
major skeletal mnseles, 147 157 
naming of mnseles, 147 
physiology of skeletal mnsele, 141 146 
skeletal mnsele strnemre, 137 141 
musculocutaneous nerve, 182, 184 
mntation, 546 

myasthenia gravis, 158, 305, 546 
myelinated axons, 165 
myelin sheath, 163-167, 546 
myelin sheath gaps, 165, 546 
myeloid tissne, 242, 243 
myoeardial infaretion, 286, 546 
myoeardinm, 261, 267, 546 
myofibrils, 138, 546 
myofilaments, 138, 546 
myoglobin, 136, 144, 546 
myogram, 145 
myometrinm, 387 
myopia, 216 
myosin, 138 

myosin binding sites, 138 
myositis, 546 
MyPlate, 348, 350 
myxedema, 228, 229, 546 

N 

nails, 95, 96-97 
nasal bones, 111, 114 
nasal eavity, 309, 331, 546 
nasal eonehae, 111, 309 
nasal region, 7, 8 
nasal sepmm, 309, 546 
nasolaerimal duct, 208 
nasopharynx, 311 
namrally acquired aetive 
immunity, 303 
namrally acquired passive 
immunity, 303 

nearsightedness, 213, 216, 546 
neek, of tooth, 331 

negative-feedbaek meehanism, 13, 15, 
220, 546 

hormonal, 222-224, 382, 390, 392 
and temperamre regnlation, 98 
nephron loop, 358, 361-365 
nephrons, 358, 365, 546 
eortieal, 359 
juxtamedullary, 359 
nerve impnlse, 163, 546 
nerve (neural) deafness, 214 
nerves, 163, 181, 546 
nerve traets, 180, 546 
nervons system, 5 
antonomie, 185-189 
brain, 173-179 
disorders, 189-190 
divisions, 163-164 
nervons tissne, 3, 70, 83-84, 

164-167, 546 

nenron physiology, 167-172 
peripheral, 181 185 
proteetion for, 172-173 
spinal eord, 179 181 
nervons tissne, 164-167, 546 
nenral eontrol, 223 
nenralgia, 190, 546 
nenrilemma, 166, 167, 546 


nenritis, 189, 546 
nenroglia, 84, 163, 166, 167, 546 
neuromuscular interaetion, 138 
neuromuscular junction, 140, 158, 546 
nenronal proeesses, 84 
nenrons, 83-84, 163, 164-165, 167, 546 
physiology, 167-172 
types, 165-166 
nenroses, 190 

nenrotransmitters, 136, 140, 170, 

171 172, 546 
antonomie, 188 
excitatory, 171 
inhibitory, 171 
nentrons, 25, 546 
nentrophils, 245, 247, 546 
newborn 

eirenlatory ehanges in, 412 
first breath, 410 
nieotine, 172 
night blindness, 212 
nipple, 19, 392-393 
nitrogenons wastes, 371 
noeieeptor, 197, 546 
nodes of Ranvier, 165 
nodnles, of lymph nodes, 294 
noneleetrolytes, 34 
nonpolar moleenles, 31 
nonprotein nitrogen (NPN) snbstanees, 
in plasma, 248 

nonspeeifie resistanee, 297-298, 546 
nonsteroids, 221, 222 
norepinephrine, 186, 188, 230, 232, 
233, 270, 546 
Norplant, 394, 395 
nose, 309-311, 314 
nostrils, 309, 310 
nnelear envelope, 52, 53, 546 
nnelear imaging, 28 
nnelear medieine, 28 
nnelear pore, 53 
nneleie aeids, 25, 35, 44, 546 
nucleolus (pl., nucleoli), 51, 53, 547 
nucleotides, 44, 547 
nucleus (pl., nuclei), 50, 547 
atomie, 25 
in brain stem, 176 
eellnlar, 51, 52-53 
mnsele fiber, 137, 138 
nucleus pulposus, 131 
nutrients, 327, 345-350, 547 
essential, 345 
in plasma, 248 

0 

obesity, 351 

obstetrieal perinenm, 388 
obmrator foramen, 123 
obmrator nerve, 182, 184 
oeeipital bone, 109, 110, 113 
oeeipital eondyles, 109, 114 
oeeipital lobe, 174, 177 
oenlomotor nerve (CN 111), 182, 183 
oleeranal, 7-8 
oleeranon, 121 122 
oleeranon fossa, 121 122 
olfaetory, 547 
olfaetory bulb, 182 
olfaetory mucosa, 309 
olfaetory nerve (CN 1), 182, 183 
olfaetory reeeptors, 200 
olfaetory traet, 182 
oligodendroeytes, 166, 547 
ooeytes, 547 

primary, 384, 389, 401 
seeondary, 386, 391, 401 


oogenesis, 375, 384-387, 547 
oogonia, 384, 547 
ophthalmie, 547 
ophthalmoseope, 210 
opposition, 129, 130 
opsin, 212 
optie, 547 

optie ehiasma, 182, 212, 547 

optie dise, 209, 210, 547 

optie nerve (CN 11), 182, 183, 209, 212 

optie traet, 182, 212 

oral, 547 

oral eavity, 330-333 
oral eontraeeptives, 393 
oral region, 7, 8 
oral vestibnle, 330-332 
orbienlaris oculi, 148, 149, 208 
orbicularis oris, 148-149 
orbital region, 7, 8 
orbits, 207 

organelles, 3, 50, 52-56, 547 

organie eomponnds, 25, 33, 35-46, 547 

organism, 4 

organismal level, 4-6 

organ of Corti. See spiral organ 

organs, 3, 547 

organ systems, 3-4, 547 

organ transplants, rejeetion, 304 

orgasm, 382, 389, 547 

origin, 136, 147, 547 

oropharynx, 311 

orthopedies, 128 

osmosis, 50, 58, 61, 272, 365, 547 
osmotie pressnre, 272 
osseons tissne, 80 
ossifieation, 106, 547 
ossifieation eenter 
primary, 108 
seeondary, 108 
osteoarthritis, 129 
osteoblasts, 107, 547 
osteoelasts, 108, 547 
osteoeytes, 80, 81, 106, 547 
osteomyelitis, 129 
osteonie (eentral) eanal, 80 
osteons, 80, 81, 106, 547 
osteoporosis, 109, 127, 129, 547 
otie region, 7, 8 
otitis media, 214, 547 
otoliths, 205, 547 
oval window, 202, 205, 547 
ovarian, 547 
ovarian arteries, 277 
ovarian eyele, 236, 375, 389, 547 
ovarian folliele, 384, 389-391, 393, 

401, 543 

development, 390 
mamre, 391 
primary, 385, 389, 392 
primordial, 384, 385, 389 
seeondary, 385, 389-390 
tertiary, 385, 390-392 
ovarian veins, 282, 284 
ovary(ies), 22, 222, 236, 375, 384-389, 
391-392, 408, 547 
ovnlation, 375, 385-386, 389-396, 
401-403, 407, 547 
ovum, 375, 384, 386-387, 393, 
401-403, 417, 547 
oxygen, 309 

in blood, 242-243 
and eellnlar respiration, 143-144 
in pnlmonary gas exchange, 320 
and respiratory eontrol, 320 
transport, 321-322 
oxyhemoglobin, 242, 321, 547 
oxytocin (OT), 228, 409, 413, 547 


P 

paeemakers, 268 
Paeinian eorpnseles, 196 
pain, 198 

pain reeeptors, 197-198 
palate, 309, 330, 547 
palatine bones, 114 
palatine tonsils, 295, 311, 331 
palmar, 7 8, 547 
palmaris longns, 154, 155 
panereas, 22, 222, 327, 328, 

336-338, 547 

antonomie innervation, 187, 189 
endoerine fnnetions, 233, 336, 337 
exocrine fnnetions, 233, 336, 337 
panereatie duct, 336, 547 
panereatie islets, 233, 337, 547 
panereatie juice, 336, 343 
panereatie seeretion, eontrol, 336-337 
panereatie vein, 282 
papilla (pl., papillae), 547 
of tongne, 199, 330 
papillary layer, 92 
papillary mnseles, 262, 547 
paraerine signal, 220 
paralysis, 190, 547 

paranasal sinnses, 109, 112, 310, 547 
parasagittal plane, 8-9, 547 
parasympathetie division, 186, 187, 547 
and heart rate, 269-270 
parathyroid glands, 222, 230, 547 
parathyroid hormone (PTH), 230, 364, 
369, 547 

paravertebral ganglia, 188 
parietal, 2, 7, 547 
parietal bones, 109, 112 
parietal eells, 335, 547 
parietal layer, 11 

parietal layer of serous pericardium, 260 
parietal lobe, 174 

parietal pericardium, 11, 12, 260, 547 
parietal peritoneum, 11, 12, 328, 547 
parietal pleura, 11 12, 260, 313, 547 
Parkinson disease, 190, 547 
parotid glands, 332, 547 
parmrition, 401, 409, 547 
passive immnnity, 303-304, 547 
passive reabsorption, 369 
passive transport, 50, 56-59, 61, 363, 547 
patella, 110, 124, 125, 156, 158 
patellar, 7-8 

patellar ligament, 156, 158 
pathogens, 291, 297, 547 

reeognition by lymphoeytes, 299 
peetoral, 7-8, 547 

peetoral girdle, 109-110, 119 121, 547 
movement, mnseles, 151, 152 
peetoralis major, 19, 148, 150, 152, 153 
peetoralis minor, 150-152 
pedal, 7-8 
pelvie, 7-8, 547 
pelvie brim, 123-124 
pelvie eavity, 9, 10, 547 
pelvie girdle, 104, 109-110, 120, 

122, 547 

pelvie inflammatory disease, 396, 547 
pelvie inlet, 123 124 
pelvis (pl., pelves), 116, 119, 

122-124, 547 

penis, 20-21, 376, 381, 547 
pepsin, 297, 335, 343, 547 
peptie nleers, 547 
peptidase, 341, 343, 547 
peptide bonds, 42, 547 
peptides, 336, 547 
digestion, 341 
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pereeption, 195, 547 
perieardial eavity, 10, 12, 260, 

313, 547 

perieardial sae, 20, 260 
periearditis, 286, 547 
perieardinm, 2, 11, 12, 260, 547 
periehondrinm, 86, 547 
perilymph, 202, 204, 205, 547 
perimetrinm, 387 
perineal, 7-8 
perinenm, 388, 547 
periodontal disease, 351, 547 
periodontal ligaments, 331 
periostenm, 86, 105, 547 
peripheral, 7 

peripheral nervons system (PNS), 163, 
181 185, 547 

peripheral resistanee, 275, 547 
peristalsis, 327, 329, 345, 547 
peritoneal eavity, 12, 548 
peritonenm, 2, 11, 12, 548 
peritonitis, 351, 548 
perimbnlar eapillaries, 356, 359, 548 
permanent teeth, 330 
pernieions anemia, 255 
perpendienlar plate, 111-113 
petit mal epilepsy, 190 
pH, 34-35, 548 
phagoeytes, 300 

phagoeytosis, 60, 61, 245, 297-298, 

339, 548 

phalanges, 110, 121 122, 125 
pharyngeal tonsils, 295, 311, 331 
pharynx, 310, 314, 327, 328, 331, 

333, 548 

phenotype, 401, 415, 548 
phenylketonnria (PKU), 418 
phlebitis, 286, 287, 548 
phosphate, 369 

phosphate bonds, high-energy, 44 
phosphate bnffer system, 371 
phospholipid bilayer, 50-52 
phospholipids, 37, 41, 50, 51, 347, 548 
phosphorns, 349 

photoreeeptors, 195, 199, 210-212, 548 

phrenie nerves, 182, 184 

pH seale, 34-35, 548 

physiologieal janndiee, 414, 548 

physiology, 2, 548 

pia mater, 172, 179, 548 

pigmented epithelinm, retinal, 211 

pineal gland, 176, 222, 237, 548 

pinkeye, 216 

pinna, 201 

pinoeytosis, 60, 61, 548 
piteh, of sonnd, 204 
Pitoein, 228 

pitnitary dwarfism, 227, 548 
pimitary gland, 176, 182, 222, 

224-228, 548 
anterior lobe, 224 
hormones, 225, 227 
posterior lobe, 224-225 
pivot joints, 127, 128 
plaeenta, 401, 405, 548 
delivery, 409, 410 
plane, 2 

plane joints, 127 
planes, of body, 6-9 
plantar, 7-8, 548 
plantar flexion, 129, 130, 157 
plasma, 33, 80, 241, 248-249, 548 
ehemieals in, eoneentrations, 363 
eomposition, maintenanee, 365-366 
solntes in, 248 

volnme, maintenanee, 365-366 
plasma eells, 244, 300, 301, 548 


plasma membrane, 50-52, 548 
transport aeross, 56 
plasma proteins, 248, 548 
plasmin, 251 
plasminogen, 251 
platelet faetors, 250 
platelet plug, 249 
platelets, 80, 241, 246-248, 548 
platysma, 149 

pleural eavity, 9-12, 22, 313, 548 
pleural membranes, 11 
pleura (pl., pleurae), 2, 10-12, 260, 
313, 548 

pleurisy, 323, 548 
plexus(es), 178, 179, 181-183, 548 
plural word endings, 531 
pnenmoeystis earinii, 304 
pnenmonia, 323, 548 
pneumothorax, 315 
podoeytes, 360 
polar bodies, 386, 401, 548 
polar eovalent bonds, 31 
polarization, 548 
polar moleenle, 31, 548 
poliomyelitis, 159, 548 
polyeythemia, 255, 548 
polygenetie inheritanee, 416 
polypeptide, 42, 548 
polysaeeharides, 37, 346, 548 
pons, 176, 177, 182, 548 
pontine respiratory group (PRG), 319 
popliteal, 7 8, 548 
popliteal artery, 279 
popliteal vein, 282 
positive-feedbaek meehanism, 16, 
220, 548 
in birth, 409 
hormonal, 391 
in laetation, 413 
positron emission tomography 
(PET), 11, 28 
posteentral gyri, 174 
posterior, 7, 548 
posterior ehamber (eye), 210 
posterior langnage area 
(VVernike area), 175 
posterior median sulcus, 179 
posterior ramus, 181 
posterior root, 548 
posterior root ganglion, 181 
posterior saeral foramina, 119 
posterior snperior iliae spine, 122 
posterior tibial artery, 278-280, 

282, 283 

posterior tibial vein, 282 
postganglionie axon, 188, 548 
postganglionie nenrons, 186, 188 
postnatal, 548 
postsynaptie, 169, 548 
potassinm, 349, 365 
and heart rate, 270 
in nenronal physiology, 169 
potential, 167-168 
preeapillary sphineters, 272 
preeentral gyri, 174 
preeelampsia, 413 
preembryo, 402, 548 
prefix(es), 531, 532 
prefrontal area, 175 
preganglionie axons, 187 188, 548 
preganglionie nenrons, 186 
pregnaney, 548 

disorders, 413 414 
hormonal eontrol, 407-408 
length, 401 
prehypertension, 286 


premenstrnal syndrome 
(PMS), 396, 548 
premolar teeth, 331 
premotor area, 174 
prenatal, 401, 548 
prenatal disorders, 413-414 
prepnee, penile, 376, 381 
presbyopia, 216, 548 
pressnre reeeptors, 196 
presynaptie, 169, 548 
primary immune response, 303 
primary lymphoid organs, 291, 

292, 548 
prime mover, 548 
proeess, 548 
proeoagnlants, 250 
prodnets, 31 

progesterone, 236, 389, 392, 548 
in pregnaney, 407, 408 
projeetion, 196, 548 
prolaetin-inhibiting hormone 
(PIH), 227 

prolaetin (PRL), 225, 227, 392, 393, 
413, 548 

prolaetin-releasing hormone (PRH), 
227, 413 

proliferative phase, 392 
pronation, 129, 130, 548 
prophase, 64, 66, 548 
proprioeeptors, 196, 548 
prostaglandins, 220-222, 548 
prostate eaneer, 396 
prostate gland, 379, 381, 396, 548 
prostatitis, 396, 548 
protein bnffer system, 371 
proteins, 25, 35, 41-44, 548 
dietary, 348 
digestion, 337, 342 
fnnetional, 42, 62 
metabolism, 346 
plasma membrane, 50, 52 
strnemral, 42, 62 
synthesis, 61-62, 222 
prothrombin, 250, 548 
prothrombin aetivator, 250, 548 
protons, 25, 548 
protraetion, 129, 130, 548 
proximal, 7, 548 

proximal eonvolnted tubule, 358, 

363, 365 

pseudostratified, 72, 548 
pseudostratified eiliated columnar 
epithelinm, 72, 309, 312 
psoas major, 154-156 
psoriasis, 101, 548 
psyehoses, 190 
pnberty, 375, 548 
female, 392 
male, 382 
pubic region, 8 

pubic symphysis, 123, 126-127, 376, 
384, 388 
pubis, 122-124 
pulmonary, 548 

pnlmonary arteries, 262-264, 276 
pnlmonary eirenit, 259, 264, 276, 548 
pnlmonary disease 

obstmetive pattern, 318 
restrietive pattern, 318 
pnlmonary edema, 323, 548 
pnlmonary embolism, 323, 548 
pnlmonary tmnk, 260, 264, 276, 548 
pnlmonary valve, 262-265, 548 
pnlmonary veins, 262-264, 276 
pnlmonary ventilation, 309, 315, 548 
pulp eavity, 332 
pulp (dental), 332 


pulse, 274, 279, 548 
pulse pressure, 274 
Punnett square, 417 
pupils (eye), 210, 549 
pus, 298, 549 
pustules, 100 
P wave, 268 
pyelitis, 371 

pyelonephritis, 371, 549 
pylorie sphineter, 334 
pymvie aeid, 144, 346, 549 

Q 

QRS complex, 268 
quadriceps femoris, 154, 156-157 

R 

radial artery, 279 
radial nerve, 184 
radial mberosity, 121 
radial vein, 282 
radioisotopes, 27, 28 
radins, 120, 121 
ramus, mandibular, 115 
ramus communicans, 181 
reaetants, 31 

reeeptors, 2, 14, 51, 163, 195, 549 
hormone, 222 
reeessive inheritanee, 415 
Reeommended Daily Allowance, 346 
reemm, 23, 327, 345, 549 
reems abdominis, 19, 148, 150, 152 
reems femoris, 19, 21, 148, 156, 157 
red blood eell count, 241, 242 
red blood eells (RBGs), 80, 549. See also 
erythroeytes 

red bone marrow, 105, 106, 292, 549 
biopsy, 119 
red pulp, 294 

referred pain, 196, 197-198, 549 
reflex are, 183, 549 
reflex(es), 163, 183-184, 549 
refraetion, 211, 549 
regeneration, 84 
relaxation phase, 145 
relaxin, 409, 549 
releasing hormones, 224 
renal, 549 

renal arteries, 277, 359 
renal autoregulation, 361 
renal blood snpply, 359 
renal ealenli, 371, 549 
renal eolnmns, 358 
renal eorpnseles, 356, 358, 365, 549 
renal cortex, 358, 549 
renal failnre, 371, 549 
renal faseia, 357 
renal meehanism, 371 
renal mednlla, 358, 549 
renal papilla, 358 
renal pelvis, 358, 549 
renal pyramids, 358 
renal mbnles, 356, 358, 365, 549 
renal veins, 282, 284, 285, 359 
renin, 362, 549 
seeretion, 362 

renin-angiotensin meehanism, 

362, 549 
rennin, 336, 549 
repolarization, 169-171 
reposition, 129, 130 
reprodnetion, 375 

hormonal eontrol in females, 
389-392 

hormonal eontrol in males, 382-383 






















562 Index 


reproductive eyeles, female, 389-392 
reproductive system, 375 
autonomic innervation, 189 
disorders of, in females, 396-397 
disorders of, in males, 396 
female, 5, 384-388 
male, 5, 375-381 
residnal volnme (RV), 316-317 
respiration, 309 

and lymph flow, 292 
and venous remrn, 274 
respiratory eontrol eenter, 318-319 
respiratory gas(es), 309 
exchange, 320 
transport, 321-322 
respiratory meehanism, 371 
respiratory membrane, 312-313, 

320, 549 

respiratory mneosa, 309 
respiratory rhythmieity eenter, 

177, 549 

respiratory system, 4, 309-323 
breathing, 315-316 
eontrol of breathing, 318-319 
disorders, 322-323 
faetors inflneneing, 319-320 
gas exchange, 320-321 
respiratory volnmes and eapaeity, 
316 

stmemres of, 309-314 
transport of respiratory gases, 321 
respiratory volnmes, 316-317 
resting membrane potential, 168, 549 
retienlar fibers, 75, 549 
retienlar formation, 177, 549 
retienlar layer, 93 
retienlar tissne, 76, 549 
retienloeytes, 244 
retina, 195, 210, 212, 549 
retinal ganglion eells, 210 
retinoblastoma, 216, 549 
retraetion, 129, 130, 549 
retroperitoneal organs, 12 
retroperitoneal spaee, 11 
R group, 42 

Rh blood group, 252-253 
Rh (D) antigen, 252 
rhenmatoid arthritis, 129, 305 
rhinitis, 323, 549 
rhodopsin, 212 
RhoGAM, 255 

rhomboid major, 148, 151, 152 
rhomboid minor, 151 152 
rhythm method, 395 
ribonneleie aeid (RNA), 44, 62, 549 
in protein synthesis, 62 
ribosomal RNA (rRNA), 53, 62, 549 
ribosomes, 51, 52-53, 62, 549 
ribs, 23, 110, 260 
faeet, 119 
false, 119, 120 
floating, 119, 120 
tme, 119, 120 
riekets, 129, 549 
right atrioventrienlar valve, 261 
right eommon earotid artery, 278 
right snbelavian artery, 279 
rods, 195, 210, 212, 549 
root eanal, 332 
root words, 531, 533-535 
rotation, 129, 130, 549 
rotator cuff, 153 

rough endoplasmie reticulum, 53, 

54, 56 

round ligament, 412 
round window, 202, 205, 549 
mgae, 334 


S 

saeenle, 202, 204, 205, 549 
saeral, 7-8, 549 
saeral eanal, 119 
saeral foramina, 181 
saeral hiams, 119, 181 
saeral nerves, 181 
saeral plexus, 182-183 
saeroiliae joint, 122 
saemm, 23, 110, 119, 123 
saddle joints, 127, 128 
sagittal plane, 8, 549 
sagittal suture, 109 
saliva, 332, 343, 549 

barrier fìanetion, 297, 298 
salivary amylase, 332 
salivary glands, 327, 328, 332, 549 
salts, 35 

sareolemma, 138, 549 
sareoma, 75 
sareomeres, 138, 549 
sareoplasm, 138, 549 
sareoplasmie reticulum, 138, 549 
sartorius, 19, 22-23, 148, 155-157 
samrated fats, 40, 347, 549 
seala tympani, 203 205 
seala vestibnli, 202, 204, 205 
seapnla (pl., seapnlae), 120, 152 
seapnlar region, 8 
sear tissne, 84 

Schwann eell, 165-167, 549 
seiatiea, 189, 549 
seiatie nerves, 183, 184 
selera, 209, 211, 212, 549 
seleroses, 190 
seoliosis, 132 

seromm, 20, 21, 376, 381, 549 
sebaeeons glands, 89, 90, 95-96, 549 
seborrheie eezema, 100 
sebum, 96, 99, 549 
seeondary immnne response, 303 
seeondary lymphoid organs, 292, 549 
seeondary sex eharaeteristies, 236 
female, 389 
male, 382 

seeond messenger, 220, 222, 549 
seeretin, 335, 338, 549 
seeretory phase, 392 
seeretory vesieles, 54 
seetion, 2, 6 

segmentation, 327, 329, 549 
seleetively permeable membrane, 50, 
52, 58, 549 
self vs. nonself, 299 
sella mreiea, 111, 114, 224 
semen, 375, 379, 401, 549 
semieirenlar eanals, 195, 202, 204, 
206-207, 549 
semilnnar valves, 263, 549 
semimembranosns, 148, 154, 

156, 157 

seminal vesieles, 379-381, 549 
seminiferons mbnles, 375, 377, 549 
semitendinosns, 148, 154, 156, 157 
sensations, 195, 549 
senses 

disorders of taste and smell, 214 
disorders of the ear, 214 
disorders of the eye, 214, 216 
general, 195 
speeial, 195, 198-214 
sensory adaptation, 196, 549 
sensory areas, 174, 549 
sensory division, 163, 549 
sensory nerves, 181, 549 
sensory neuron axons, 207 


sensory nenrons, 165, 167, 185, 186, 
195, 549 

sensory reeeptors, 195 
sepmm, 549 

serosa, of alimentary eanal, 327-328 
serotonin, 249, 549 
serons fluid, 11, 85, 549 
serous membrane, 2, 10, 70, 84, 549 
serous pericardium, 260 
serrams anterior, 148, 150, 152 
sesamoid bones, 104, 105, 549 
severe eombined immnnodefieieney 
(SeiD), 305, 549 
sex ehromosomes, 414 
sex determination, 414 415 
sex hormones, 236, 550 
adrenal, 232 
female, 389 

sexually transmitted diseases (STDs), 
397, 550 
sex response 
female, 389 
male, 382 

shingles, 189, 190, 550 
shivering, 144 
short bones, 104, 105 
siekle-eell disease (siekle-eell anemia), 
245, 255, 416 
siekle-eell trait, 245 
simple diffnsion, 57, 61, 550 
simple epithelinm, 71-73, 550 
eolnmnar, 71 73, 329 
enboidal, 71-72 
psendostratified eiliated 
eolnmnar, 72, 73 
squamous, 71-72 
simple goiter, 228, 550 
single-gene disorders, 418-419 
sinoatrial node (SA node), 267, 550 
sinnses, 550 
ofbone, 111 
sinnsitis, 323, 550 
skeletal mnseles, 82 
aetions, 147 
major, 147 157 

movement, and venous remrn, 274 
movement and lymph flow, 292 
stmemre, 137-141 
snperfieial, 148 
skeletal mnsele tissne, 550 
skeletal system, 4 

appendienlar skeleton, 120-125 
artienlations, 125-127 
axial skeleton, 109-120 
bone formation, 106-109 
bone stmemre, 104 105 
disorders, 129, 131-132 
divisions of, 109 
fnnetions, 104 

long bone, gross stmemre, 105 106 
long bone, mieroseopie 
stmemre, 106 
skin, 85, 89 

aeeessory stmemres, 94-97 
aging, 97 

barrier fnnetion, 297, 298 
disorders, 100 101 
fnnetions, 89 
seetion, 90 
stmemre, 89-93 
skin eaneer, 99 
skin eolor, 93-94 
skull, 109, 550 
of infant, 115-116 
sleep-wakefulness eyele, 237 
sliding-filament model, 141 142 
small intestine, 21, 327, 328, 340-343 


small saphenons vein, 282 
smell, 200-201 
smoking, 310 

smooth endoplasmie reticulum, 

53, 54 

smooth muscle tissue, 83, 136, 550 
sodium, 349, 365 

in nenron physiology, 169 
soft palate, 309, 330 
solens, 148, 155, 157, 158 
solntes, 33, 58, 550 
solntion, 33, 550 
solvent, 33, 58, 550 
somatie motor neuron, 138 
somatie nervons system (SNS), 163, 
181, 186, 550 
somatie reflex(es), 183, 185 
spasms, 159, 550 
sperm, 375, 378, 401, 550 
flagella, 56, 376-378 
spermatids, 376, 378 
spermatoeytes 
primary, 376 
seeondary, 376 

spermatogenesis, 375-376, 550 
hormonal eontrol, 382-383 
spermatogenie eells, 375 
spermatogenie epithelinm, 375 
spermatogoninm (pl., spermatogonia), 
375-376, 550 
sperm count, 379 
spermieides, 395 
sphenoid, 109, 111 114 
sphenoidal sinus, 114, 310, 331 
sphineter, 327, 550 
spinal, 550 

spinal eord, 10, 164, 173, 179-180, 
187, 550 

spinal enrvamres, abnormal, 132 
spinal nerves, 164, 173, 179 180, 

184, 550 

anterior root, 181 
antonomie pathways, 186 
posterior root, 181 
somatie pathways, 186 
spinal plexus(es), 181 183, 550 
spinal reflexes, 183 
spinal tap, 185 
spindle, 65, 550 
spindle fibers, 65, 66 
spine, 111 

spinons proeess, 117, 118 
spiral organ, 195, 203, 550 
spirogram, 317 
spirometer, 317 
spleen, 21, 22, 291, 293, 

294-295, 550 

antonomie innervation, 187, 189 
spleneetomy, 295 
splenie artery, 277 
splenie vein, 282 
splenins eapitis, 149, 150 
spongy (trabeenlar) bone, 80, 104, 
105, 550 
sprains, 131, 550 
squamous, 71, 72, 74 
squamous sutures, 110, 112 
stapes, 115, 202, 204, 205 
stareh, 37, 346, 550 
digestion, 333, 337 
statie equilibrium, 195, 205, 550 
stem eells 

hematopoietie, 243 
lymphoid, 243 
myeloid, 243 

from umbilical eord blood, 412 
stem eell therapy, 70 
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stereoeilia, 207 
stereoseopie vision, 214 
sterility, 381 
sterilization, 395 
sternal, 7-8 
sternal pnnemre, 119 
sternoeleidomastoid, 148 150 
sternnm, 20, 110, 119-120 
steroid hormones, 347 
steroids, 41, 221, 550 

meehanism of aetion, 222 
stimnlns, 550 

stomaeh, 20, 21, 327, 328, 334-336, 550 
body, 334 
eardia, 334 
fnndns, 334 
pylorie part, 334 
strabismns, 216, 550 
strains, 158, 550 
stratified, 550 

stratified epithelinm, 73-75, 550 
stramm basale, 91, 92, 550 
stramm eornenm, 92, 550 
stramm grannlosnm, 92 
stramm ineidnm, 92 
stramm spinosnm, 91 
streptokinase, 251 
stress response, 233 
streteh, 196 
striations, 82, 138 
strokes, 190 

stroke volnme, 268, 550 
stroma, 76 

stmemral formnla, 28 
styloid proeess, 111, 113 
radial, 121 
nlnar, 121 

snbaraehnoid spaee, 173, 179, 550 
snbelavian artery(ies), 21, 23, 276 
snbelavian veins, 21, 281, 282, 291-293 
snbentaneons, 89, 91 
snbentaneons fat, 97 
snbentaneons tissne, 93, 550 
snbdnral hematoma, 173 
snbdnral spaee, 173 
snblingnal glands, 332 
snbmandibnlar glands, 332 
snbmneosa, 550 

of alimentary eanal, 328 
of nrinary bladder, 366 
snbpnbie angle, 123, 124 
snbseapnlaris, 20, 152, 153 
snbstrate, 43, 327, 550 
snerase, 341, 343, 550 
snerose, 37, 341 

sndden infant death syndrome (SIDS), 
414, 550 

suffix(es), 531, 533 
sulci (sing., sulcus), 173 
sulfate, 369 
sulfur, 349 
summation, 145 
snnbloek, 99 

sun proteetion faetor (SPF), 99 
snperfieial, 7, 550 

snperfieial temporal artery, 275, 279 
snperior, 7, 550 

snperior artienlar proeesses, 117 
snperior mesenterie artery, 277, 282 
snperior mesenterie vein, 282 
snperior oblique (eye), 208 
superior reems (eye), 208 
superior vena eava, 21, 22, 262-264, 
267, 276, 281, 550 
snperior vesieal arteries, 412 
snpination, 129, 130, 550 
snpporting eells, 207, 375 


snpraorbital foramen, 112 
snpraspinams, 151 153 
sural, 7-8 

smfaetant, 309, 312, 550 
snmral bones, 104, 105 
snmres, 109, 126, 550 
swallowing, 311, 333-334 
sweat glands, 89, 95, 96 
symbols, for ehemieal elements, 26 
sympathetie ehain ganglia, 188 
sympathetie division, 186, 187, 

189, 550 

and heart rate, 269-270 
and renal fnnetion, 362 
symphysis, 550 
synapses, 163, 169, 550 
synaptie eleft, 140, 169, 550 
synaptie transmission, 169-171, 550 
dmgs and, 172 
synaptie vesieles, 171 
synarthrosis, 104, 126, 550 
synergist, 550 

synovial fluid, 86, 126-127, 550 
synovial joint, 104, 127, 550 
synovial membranes, 86, 

126-127, 550 

synthesis (anabolie) reaetion, 31, 550 
synthesis reaetion, 31, 43 
syphilis, 397, 550 

systemie eirenit, 259, 264, 276, 550 
systemie gas exchange, 309, 

320-321, 550 
systole, 259, 266, 274, 550 
systolie blood pressnre, 274, 550 

T 

taehyeardia, 286 

taetile (Meissner) eorpnseles, 92, 196, 
550 

taetile (Merkel) eells, 92 
taeniae eoli, 345 
talus, 124 

target eell, 220, 550 
tarsal, 8 

tarsal bones, 110, 124-125, 550 
taste, 199-200, 332 
taste buds, 199, 330, 550 
taste pore, 199 
taste reeeptors, 199 
Tay-Saehs disease, 418 
tears. See also laerimal apparams 
barrier hmetion, 297, 298 
teetorial membrane, 203-205 
teeth, 321, 328, 330-332 
stmemre, 330-332 
telophase, 65-66, 550 
temperamre reeeptors. See 
thermoreeeptors 
temporal bones, 110, 112-113 
temporalis, 148, 150 
temporal lobe, 174, 177 
temporal proeess, 113-114 
temporomandibnlar joint, 110, 115 
tendonitis, 156 
tendons, 77, 136, 137, 550 
tensor faseiae latae, 21, 22, 148, 
154-156 
teratogens, 414 
teres major, 148, 151, 153 
teres minor, 148, 151153 
terminal arborization, 164 
terminal bontons, 140, 550 
terminology, 531-535 
testienlar arteries, 277 
testienlar eaneer, 381, 396 
testienlar veins, 282, 284 


testis (pl., testes), 21, 222, 235, 236, 
376, 377, 382, 551 
lobnles, 375 
nndeseended, 381 
testosterone, 41, 235, 236, 375, 

382, 551 
aetions, 382 

seeretion, regnlation, 382-383 
tetanie eontraetion, 551 
tetanns, 159, 551 
tetany, 145, 551 
tetany eontraetion, 136, 145 
thalamns, 176, 551 
thermoreeeptors, 196, 551 
thiek myofilament, 138-139, 551 
thigh movement, mnseles, 155, 156 
thin myofilament, 138-139, 551 
thirst, 362 
thirst eenter, 368 
thoraeie, 551 

thoraeie aorta, 276-278, 280 
thoraeie eage, 119, 120 
thoraeie eavity, 9, 10, 551 
thoraeie duct, 292 
thoraeie nerves, 181 
thoraeie vertebrae, 117, 120, 173 
threshold stimulus, 145, 168, 551 
thrombin, 250, 551 
thromboeytopenia, 255, 551 
thrombophlebitis, 256, 286, 287 
thromboplastin, 250 
thrombosis, 255, 551 
thrombns, 241, 250, 551 
thymine, 44, 62, 415, 551 
thymosin, 237, 293, 551 
thymns, 222, 237, 291, 293, 551 
thyroid eartilage, 21, 311 
thyroid gland, 21, 222, 228-229, 551 
thyroid hormones, 222, 551 
thyroid-stimnlating hormone (TSH), 

225, 227, 551 

thyrotropin-releasing hormone (TRH), 

226, 227 

thyroxine, 228, 270, 551 
tibia, 110, 124, 125, 158 
tibialis anterior, 148, 155, 157, 158 
tibial mberosity, 124 
tidal volnme (TV), 317 
tinnims, 214 
tissne, 3, 70, 551 
tissne fluid, 33, 272 
tissue maerophage system, 298 
tissue plasminogen aetivator 
(t-PA), 251 

T lymphoeytes (T eells), 246, 293, 550 
aetivation, 299-301 
differentiation, 299, 300 
toe movement, mnseles, 155-157 
tongne, 310, 328, 330, 331 
tonieity, 58 
tonsilleetomy, 295 
tonsillitis, 295, 305, 551 
tonsils, 295, 551 

total hip replaeement (THR), 124 

total lung eapaeity (TLC), 317 

touch reeeptors, 196 

toxemia of pregnaney, 413 

toxic shoek syndrome, 396, 551 

trabeenlae, 80, 105, 107 

traee elements, 25 

traehea, 22, 309, 312, 314, 331, 551 

tranquilizers, 172 

transeription, 62, 63, 551 

trans fats, 40 

transfer RNA (tRNA), 62, 551 
transitional epithelinm, 74 
translation, 62, 63, 551 


transnrethral reseetion of 
prostate, 396 

transverse eerebral fissnre, 177 
transverse foramen, 117, 118 
transverse plane, 8-9, 551 
transverse proeesses, 117, 118 
transverse (T) mbnles, 138, 551 
transversns abdominis, 20, 150, 152 
trapezins, 19, 148-152 
tremor, 551 

trieeps braehii, 148, 153, 154 
trienspid valve, 261-265, 551 
trigeminal nerve (CN V), 182, 183 
triglyeerides, 37, 40, 348, 551 
digestion, 337 
trigone, 366 

triiodothyronine, 228, 551 
troehanter, 111, 551 
troehlea, 121-122 
troehlear nerve (CN VI), 182, 183 
troehlear noteh, 121 122 
trophoblast, 402 
tropomyosin, 138 
troponin, 138 
trypsin, 337, 551 
panereatie, 343 
mbal ligation, 395, 551 
mberele, 111, 551 
mberenlosis, 323, 551 
mberosity, 111, 551 
mbnlar fluid, 551 
tubular reabsorption, 356, 360, 
363-364, 551 

mbnlar seeretion, 356, 360, 

363-364, 551 
mniea externa, 270-271 
mniea intima, 270-271 
mniea media, 270-271 
T wave, 268 
twins 

fraternal (dizygotie), 402 
identieal (monozygotie), 402 
tympanie eavity, 201-202, 204 
tympanie membrane (ear dmm), 202, 
204, 205, 551 

U 

nleerative eolitis, 350 
ulna, 110, 120 
ulnar artery, 279 
ulnar nerve, 182, 184 
ulnar vein, 282 

nltraviolet (UV) radiation, and skin 
damage, 99 
nmbilieal, 7-8 
nmbilieal arteries, 411 
nmbilieal eord, 405, 409, 410, 551 
nmbilieal ligaments, 412 
nmbilieal region, 14, 551 
nmbilieal vein, 411 
umbilicus, 19, 410 
unipolar nenrons, 165, 551 
nniversal donor, 254 
nniversal reeipient, 254 
nnmyelinated axons, 165 
nnsamrated fats, 40, 347, 551 
upper limbs, bones, 120-122 
upper respiratory traet, 309 
uracil, 44, 62, 551 
urea, 248, 348, 372, 551 
uremia, 371 

ureters, 22, 356, 366, 551 
urethra, 356, 366-367, 551 
female, 384 
male, 379-381 
methritis, 371, 551 
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uric aeid, 248, 357, 312, 551 
urinalysis, 365 

urinary bladder, 20, 22, 356, 366, 551 
antonomie innervation, 187 
nrinary system, 5, 356 

anatomy of the kidneys, 357 
blood plasma eomposition and, 
368-371 
disorders, 371 

excretion of urine, 366-367 
fnnetions of, 356-357 
urine formation, 360-366 
urine, 551 

barrier fnnetion, 297, 298 
eharaeteristies, 365-366 
ehemieals in, eoneentrations, 
361-362, 365 
eomponents, 366 
excretion, 366-367 
formation, 356-357, 360-366 
pH, 365 

prodnetion, 360 
speeifie gravity, 365 
nroehrome, 365 
nrokinase, 251 
nterine, 551 

nterine mbes, 22, 384, 387, 389, 551 
uterus, 22, 384, 387, 551 
utricle, 202, 204, 205, 551 
uvula, 330, 331, 551 

V 

vaeeine, 304 

vagina, 23, 384, 387-388, 551 
vaginal ring, 394, 395 
vaginal seeretions, 298 
vagus nerve (CN X), 182, 183, 

200, 270 

valenee shell, 25, 551 
varieose veins, 286, 551 


vasa reeta, 359 
vasenlar, 551 
vasenlar spasm, 249 
vas deferens, 21, 376, 379, 381, 551 
vaseetomy, 395, 551 
vasoeonstrietion, 259, 275, 551 
vasodilation, 259, 275, 551 
vasomotor eenter, 177, 275, 551 
vasms intermedins, 22, 157 
vasms lateralis, 22, 148, 156-158 
vasms medialis, 22, 148, 156, 157 
veins, 259, 272-273, 551 
of abdominal and thoraeie 
walls, 282 

of abdominal viseera, 282 
of head and neek, 281 
of pelvis and lower limbs, 282 
of shonlders and upper limbs, 279 
structure, 272-273 
systemie, 281-285 
of trunk, 281, 284 
venons remrn, 269, 274 
venons sinnses, 281, 282 
ventral, 7 

ventral eavity, 9-10, 551 
ventral respiratory group (VRG), 318 
ventrieles, 261, 551 
in brain, 178 
eardiae, 259 

ventrienlar (Pnrkinje) fibers, 267, 551 
ventrienlar fibrillation, 286 
vennles, 272, 552 
vermis, 177 
vernix easeosa, 406 
vertebral, 7-8 
vertebral areh, 116-117 
vertebral arteries, 279 
vertebral eanal, 9, 10, 117, 552 
vertebral column, 110, 116-117 
enrvamres, 116 
vertebral foramen, 116-118 


vertebral veins, 281 
vertebra (pl., vertebrae), 118, 173 
stmemre, 116-118 
vesieles, 52, 54, 552 
vestibnlar (Bartholin’s) glands, 388 
vestibnlar folds, 311-312 
vestibnlar hair eell, 207 
vestibnlar membrane, 203, 205 
vestibnle, 552 

of female external genitalia, 388 
of internal ear, 202 

vestibnloeoehlear nerve (CN Vlll), 182, 
183, 201, 203, 206 
villns (pL, villi), intestinal, 329, 

340, 342 
virus(es), 297 

viseera, autonomic innervation, 187, 188 
viseeral, 2, 7, 552 

viseeral layer of serons perieardinm, 260 
viseeral perieardinm, 11, 12 
viseeral peritonenm, 11, 12, 328, 552 
viseeral plenra, 11, 12, 313, 552 
viseosity, 275, 552 
vision, 207-214 

disorders, 214, 216 
distanee, 210 
near, 210 

physiology, 211-214 
vital eapaeity (VC), 317 
vitamin B 12, 243, 336 
vitamin D, synthesis, 89 
vitamins, 327, 348, 349, 552 
lipid-soluble, 348, 349 
water-soluble, 348, 349 
vitreous body, 211, 552 
vitreous ehamber, 211 
voealfolds, 311, 312, 552 
voluntary, 82, 163, 552 
volnntary mnsele, 82 
vomer, 112-114 
vulva, 388, 552 


vv 

warm reeeptors, 196 
warts, genital, 397 
water, 33 

eonservation, 365 
reabsorption, 362 
water balanee, 365, 368, 552 
water eompartments, 33 
white blood eells (WBCs), 80, 

241, 244-247, 552. 

See also lenkoeytes 
disorders, 255 

in infeetion/inflammation, 298 
white matter, 173 174, 176, 177 
of spinal eord, 180 
white pulp, 294 

withdrawal method of birth eontrol, 395 

word endings, 531 

wrist movement, mnseles, 154 

X 

X ehromosome, 414 415 
xiphoid proeess, 120 
X-linked traits, 417, 552 

Y 

Y ehromosome, 415 

yellow bone marrow, 105, 552 
yolk sae, 404, 552 

Z 

Z lines, 138, 139 
zygomatie areh, 114 
zygomatie bones, 111114 
zygomatie proeess, 110, 113 114 
zygomatiens, 148, 149 
zygote, 386, 387, 401, 402 









